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ANTHRAX VACCINE IN THE FORM OF A SPORE 

The present invention relates to a new vaccine for anthrax, a method of 
inducing an immune response against anthrax and a method of preparing 
5 an anthrax vaccine. 

Anthrax is an acute infectious disease caused by the spore forming 
bacterium Bacillus anthracis. The disease takes three forms in humans; 
cutaneous, gastrointestinal and inhalation (pulmonary anthrax) with the 

10 gastrointestinal and inhalation forms being the most deadly with mortality 
rates of up to 90%. The anthrax bacterium is found globally, present in 
the soil as extremely resistant spores and most commonly causes disease 
in hoofed animals. There are an estimated 20,000 to 100,000 human cases 
of anthrax per year, most of which occur in the developing world. 

15 However, in the US, the annual incidence had declined to less than 1 case 
per year. The recent use of anthrax as a bioterrorism agent in the US in 
October to December 2001 clearly demonstrated the potential of this 
bacterium as a biowarfare agent with 12 cases of clinically confirmed 
anthrax documented. These included 6 cases of inhalation anthrax (3 

20 fatal) and 6 cases of cutaneous anthrax. Anthrax is currently recognised 
alongside smallpox as the most likely biological warfare agent by Western 
governments. 

The current veterinary vaccine is a spore preparation of a B. anthracis 
25 strain (the Sterne strain) lacking the pX02 plasmid. This strain produces 
anthrax toxin but is unable to synthesise the capsule required for survival 
in host cells. While effective this veterinary vaccine has a low level of 
virulence (since it still produces the anthrax toxin) and can produce 
necrosis at the site of injection (Hambleton & Turnbull, 1990). In 
30 contrast, the human vaccine is a non-cellular vaccine (AVA) produced in 
the UK and USA from a toxigenic, non-capsulated, Sterne strain by 
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adsorbing culture supernatant to aluminium hydroxide. The key 
component of this vaccine is the 82.7 kDa protective antigen (PA). While 
efficacy has been established in various animal models, vaccination 
requires multiple doses and boosters (six injections over 18 months). 
5 Adverse side effects have been reported (erythema, induration) and in 
some animals the vaccine does not provide protection against all virulent 
B. anthracis strains (Hambleton & Turnbull, 1990). Finally the AVA 
vaccine is expensive to produce. Recent work has shown that anthrax 
vaccination is greatly enhanced if B. anthracis spores of the Sterne strain 
10 are included in the vaccine together with PA and that the spores 
themselves play a critical role in stimulating protective immunity 
(Brossier et al., 2002). 

Protective antigen (PA; mwt. 82.7 kDa) is the binding/translocating 
15 component of both toxins (LeTx and EdTx) produced by B. anthracis and 
encoded by the pag gene. Administered alone, PA is not toxic but must 
associate with lethal factor (LF) to produce LeTx and edema factor (EF) 
to produce EdTx. PA is secreted from the B. anthracis cell and is 
involved in receptor binding to host cells and then for translocation of 
20 PA-EF and PA-LF to the cell cytoplasm. PA is protective, that is, 
immunisation of an animal model with this protein can alone provide 
protection to challenge with B. anthracis. 

Current vaccine strategies require provision of protective antigen to the 
25 vaccinee using either purified PA or purified PA plus attenuated/inactive 
spores of B. anthracis. 

Support for new vaccine development is provided primarily by defence 
and antiterrorism measures within national programmes in the UK e.g. 
30 the Ministry of Defence and the Department of Defence, often supported 
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by national health research agencies such as the Medical Research 
Council and the National Institute of Health. 

Many pathogens are able to initiate disease through infection of the 
5 mucosal surfaces. The infectious agent first makes contact with, and then 
colonises (or transverses), the mucosal surface to infect the host (e.g., 
HIV, TB). Traditional vaccination strategies relying on parenteral 
immunisation are unable to prevent the initial interaction of pathogen and 
host at the mucosal surface but rather resolve the resulting infection 

10 (Walker, 1994). Oral (or intranasal) immunisation should induce 
secretory IgA antibodies directed against the specific pathogen as well as 
CTL responses from CD8 + MHC restricted cytotoxic T-lymphocytes 
located in the mucosal epithelium and draining lymph nodes (LN) 
providing an effective means for preventing infection. One problem with 

15 oral immunisation, though, is that orally administered antigens frequently 
lose their immunogenicity. These limitations can be countered using 
attenuated and live bacteria (e.g. Salmonella spp.) that act as carriers of 
heterologous antigens. One of the most pervasive limitations to the use of 
bacteria as vaccine vehicles though is their lack of heat stability. A 

20 vaccine carrier that can induce mucosal immunity, that can be used orally 
or nasally and is heat-stable is obviously attractive for development of the 
next phase of improved vaccines. Further improvements in vaccines 
against anthrax have been sought. 

25 According to the invention there is provided a non-pathogenic spore 
comprising an antigenic fragment of anthrax protective antigen. 

According to the invention there is also provided a pharmaceutical 
composition comprising a non-pathogenic spore comprising at least an 
30 antigenic fragment of anthrax protective antigen in association with a 
pharmaceutical^ acceptable carrier and/or excipient. 
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According to the invention there is further provided a spore according to 
the invention for use as an anthrax vaccine. 

According to the invention there is also provided a pharmaceutical 
composition according to the invention for use as an anthrax vaccine. 

According to the invention there is further provided use of a spore 
according to the invention or of a pharmaceutical composition according 
to the invention in the manufacture of a medicament for use as an anthrax 
vaccine. 



According to the invention there is further provided use of a non- 
pathogenic spore comprising at least an antigenic fragment of anthrax 
15 protective antigen in the manufacture of a vaccine for anthrax for non- 
parenteral administration, preferably nasal and/or oral administration. 

According to the invention there is further provided a method of inducing 
immunity to anthrax in a mammal susceptible to anthrax infection which 
20 method comprises non-parenteral administration, preferably nasal and/or 
oral administration of an effective amount of a vaccine comprising a non- 
pathogenic spore comprising at least an antigenic fragment of anthrax 
protective antigen 



25 According to the invention there is further provided a method of inducing 
immunity to anthrax in a mammal susceptible to anthrax infection which 
method comprises administration of an effective amount of a vaccine 
comprising a spore according to the invention or a composition according 
to the invention to the mammal. 



30 
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Advantages of the invention include that it is not necessary to use a live 
attenuated B. anthracis strain. This is advantageous for ethical reasons 
where it is not acceptable, long term, to be using an attenuated pathogen 
and enables the vaccine to be used with vaccines having a compromised 
5 immune response. A further advantage is that B. subtilis which is a 
preferred source of a spore according to the invention is relatively easy 
and cheap to produce. 

Another advantage is that the invention provides a spore-specific immune 
10 response to anthrax which is important because this is one way in which 
anthrax is transmitted. Even though the spores used in the invention are 
non-pathogenic and therefore not of B. anthracis, they will still generate 
a spore-specific response, enhancing the efficacy of protection. Anti-PA 
antibodies have been shown to stimulate phagocytosis of B. anthracis 
15 spores while inhibiting their germination within the phagolysosome. This 
appears to be an efficient method for dealing with pathogenic spores. 
How spore germination is inhibited is unclear but presumably binding of 
anti-PA antibodies to the spore prevents entry of germinants. It has been 
proposed that the phagosome/phagolysosome somehow provides a 
20 germination signal (Guidi-Rontani et aL 1999). 



A further advantage to the invention is that it has been found that the 
spore according to the invention germinates within a phagocyte. It is 
known that B. anthracis spores germinate in macrophages which is 

25 critical for pathogenesis and contributes to cellular responses (Thl 
dependant) as well as enhancing humoral immune responses (probably 
TH2 dependant). Thus it is believed that this ability of spores to persist 
in macrophages is a common phenomenon to Bacillus spores and serves to 
elicit cellular responses. Accordingly the use of a non-pathogenic spore 

30 for antigen delivery mimics the fate of B. anthracis spores and enhances 
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vaccine potency. Furthermore it has surprisingly been found that a spore 
according to the invention can be used to generate mucosal immunity. 

The non-pathogenic spore is preferably from a Bacillus species spore. 
5 More preferably the spore is from one or more of the following 
organisms: Bacillus alvei; Bacillus badius; Bacillus brevis; Bacillus 
cereus; Bacillus coagulans; Bacillus fastidiosus; Bacillus licheniformis; 
Bacillus mycoides; Bacillus pasteurii; Bacillus sphaericus; Bacillus 
aneurinolyticus; Bacillus carotarum; Bacillus flexus; Bacillus 
10 freudenreichi; Bacillus macroides; Bacillus similibadius; Bacillus 
thiaminolyticus; Bacillus subtilis; Bacillus pumilus; Bacillus vallismortis; 
Bacillus bengalicus; Bacillus flexus; and/or Bacillus licheniformis. Most 
preferably, the spore is from Bacillus subtilis. 

15 The spore is non-pathogenic. This generally means that neither the spore 
nor a bacterium into which the spore may germinate is harmful to the host 
to which the spore is to be administered. 



20 



B. subtilis is a ubiquitous, Gram positive, non-pathogenic organism, 
normally found in the soil. The spore is a dormant life form that can 
resist extreme environmental conditions (Nicholson et al., 2000) and has 
a number of attributes making them particularly suitable for the 
development of a generic vaccine system, these are:- 

• Dormant with suitable storage and desiccation properties, 

25 • Suitable for non-parenteral delivery, particularly by the oral and 

nasal route, 

• No evidence for compromised immune status in man, 

• Can be deactivated, e.g. with gamma radiation, if necessary, 

• Easily modified genetically, 

30 • Can be produced in large quantities; safely, efficiently and cost 
effectively, 
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• Robust, can survive indefinitely at temperatures up to 90°C, 

• Suitable for field use, particularly in developing countries, 

• Resistant to UV irradiation and desiccation, 

• Currently used in Europe as a probiotic for human use. 

The spore is optionally either a germinating spore or a non-germinating 
spore. Where the spore is non-germinating, it has preferably been treated 
to prevent germination. Germination can be prevented by using gamma 
irradiation or by using a germination-deficient mutant spore (such as that 
disclosed in Due et al. , 2003a). 

The spore is preferably a germinating spore. This is because it has been 
found that an improved immunogenic response can be obtained with a 
vaccine using such a spore. 

Where the non-pathogenic spore used in the invention comprises at least 
an antigenic fragment of anthrax protective antigen, it is to be understood 
that it comprises either anthrax protective antigen or a fragment thereof. 
The antigenic fragment of anthrax protective antigen used in the invention 
is generally a fragment of anthrax protective antigen which is sufficient to 
stimulate a suitable immunogenic response. 

The spore may optionally comprise at least an antigenic fragment of 
anthrax protective antigen in the form of a protein attached to the spore 
(preferably the at least an antigenic fragment is attached to the 
proteinaceous coat of the spore) and/or in the form of DNA which 
encodes at least an antigenic fragment of anthrax protective antigen which 
DNA is adapted to be expressed when the spore germinates. 

Where the at least an antigenic fragment of anthrax protective antigen is 
provided in the form of DNA, the DNA is preferably under the control of 
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a vegetative cell promoter so that the DNA is only expressed when the 
spore germinates and/or begins to outgrow. A suitable promoter is for 
example rrnO. 

5 In the present invention, the at least an antigenic fragment of anthrax 
protective antigen is preferably either PA83 (full length) (SEQ ID No. 16) 
or a fragment thereof. A fragment of PA83 (full length) is preferably one 
or more of PA83 (SEQ ID No. 6), PA63 (SEQ ID No. 7), Domain 1 of 
PA (SEQ ID No. 1), Domain 2 of PA (SEQ ID No. 2), Domain 3 of PA 
10 (SEQ ID No. 3), Domain 4 of PA (SEQ ID No. 4) and Domain Dlb23 of 
PA (SEQ ID No. 10). 

There are two optimal routes for expression on a spore which can be used 
which are fusion of the DNA encoding the at least an antigenic fragment 
15 of anthrax protective protein and/or a truncated form to CotB or CotC 
with a suitable promoter for CotB or CotC. In each case genetic 
engineering is used to splice the cotB or cotC genes to the B. anthracis 
sequences encoding PA83 (full length) or a fragment thereof. 

20 To express the antigenic fragment of anthrax protective antigen in a 
germinating spore, the same sequences are fused to an expression 
cassette. 

The sequence of a promoter used in the invention is SEQ ID No. 5. It 
25 allows convenient insertion of any ORF (open reading frame) downstream 
of strong transcriptional and translational signals. The preferred 
transcriptional signals are comprised of the -35 and -10 promoter 
sequences of the rrnO gene of B. subtilis. 

30 The translational signals are provided by placing the start codon and 
ribosome binding site of the sspA gene of B. subtilis. sspA encodes a 
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small acid soluble protein that is expressed during sporulation. Expression 
using this RBS is high. 

The sequence of the chimeric promoter PrrnO-RBS(sspA) is shown in 
5 Figure 15 and arrangements shown schematically in Figs 2 and 3. 
Immediately downstream of the ATG start codon is a multiple cloning site 
(MCS) carrying numerous restriction endonuclease sites. The MCS was 
derived from the pET vector pET28b (Novagen). 

10 Any ORF sequence generated by PCR or other means can be cloned into 
the MCS in such a way as to allow in frame fusion of the inserted ORF 
with the start codon. 

In the invention, three cloning vectors were used which are pDL242 (6.3 
15 kbp) (Figure 2), pDL243 (6.3 kbp) (Figure 3) and pDG364 that carry the 
PrrnO-RBS(sspA)-MCS cassette. 

pDL242 (Figure 2) is derived from the plasmid pDG!663 (Guerout-Fleury 
et al., 1996). pDG1663 allows insertion of foreign DNA into the B. 
20 subtilis chromosome by what is referred to as a double crossover 
recombination or marker replacement as shown in Figure 4 and described 
in (Guerout-Fleury et al., 1996). Integration occurs only at the thrC 
locus. pDL242 carries the erm gene that renders transformed cells 
resistant to erythromycin. 

25 

To use this plasmid, a DNA is inserted at the MCS site of pDL242. 
Ligated molecules are transformed into E. coli with selection for Amp R 
(ampicillin resistance) and recombinants are screened using PCR analysis 
of plasmids. Plasmid clones are then prepared in Escherichia coli and 
30 plasmid DNA clone verified by sequencing across the site of the fusion 
junctions. Next, the plasmid is linearised by restriction digest using sites 
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cutting in the backbone of pDL242 (see (Guerout-Fleury et al., 1996)) 
and DNA transformed into competent B. subtilis with selection for Erm R . 
Pvul is the preferred enzyme for linearisation of pDL242. Transformants 
can only arise if a double crossover recombination has occurred between 
5 homologous segments of the thrC gene carried on the host chromosome 
and the pDL242 clone. 

Transformants are checked to ensure they are Erm R and ThrC* (since 
integration at the thrC locus will destroy the gene destroying the ability of 
10 cells to grow without added threonine). 

Cells are then cultured and expression of the gene product cloned into the 
cassette verified by Western blotting, dot-blotting quantification and 
immunofluorescence microscopy. 

15 

pDL243 is shown in Figure 3 and is similar to pDL242. The vector is 
derived from the plasmid pDG364 (Cutting and Vander-Horn, 1990; 
Karmazyn-Campelli et al., 1992). pDG364 allows insertion of foreign 
DNA into the B. subtilis chromosome by what is referred to as a double 
20 crossover recombination or marker replacement as shown in Figure 5 and 
described in (Cutting and Vander-Horn, 1990; Guerout-Fleury et al., 
1996). Integration occurs only at the amyE locus. pDL243 carries the cat 
gene that renders transformed cells resistant to chloramphenicol. 

25 To use this plasmid, a DNA is inserted at the MCS site of pDL243. 
Ligated molecules are transformed into E. coli with selection for Amp R 
(ampicillin resistance) and recombinants are screened using PCR analysis 
of plasmids. Plasmid clones are then prepared in Escherichia coli and 
plasmid DNA clone verified by sequencing across the site of the fusion 

30 junctions. Next, the plasmid is linearised by restriction digest using sites 
cutting in the backbone of pDL243 (see (Cutting and Vander-Horn, 
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1990)) and DNA transformed into competent B. subtilis with selection for 
Cm R . PvuII is the preferred enzyme for linearisation of pDL243. 
Transformants can only arise if a double crossover recombination has 
occurred between homologous segments of the amyE gene carried on the 
5 host chromosome and the pDL243 clone as shown in Figure 5. 

Transformants are checked to ensure they are Cm R and AmyE- (since 
integration at the amyE locus will destroy the gene destroying the ability 
of cells to grow without added threonine) . 

10 

Cells are then cultured and expression of the gene product cloned into the 
cassette verified by Western blotting, dot-blotting quantification and 
immunofluorescence microscopy. 

15 Regarding the translational start signals (RBS = ribsome binding site or 
Shine Dalgarno (SD) sequence, the optimum rbs is AAAGGAGGTGA and 
the sspA RBS has AAGGAGGTGA. In principle the rbs could be taken 
from any gene or made synthetically. 



20 The pharmaceutical composition according to the invention comprises a 
spore according to the invention and a pharmaceutical^ acceptable carrier 
and/or excipient. Processes for manufacturing a pharmaceutical 
composition are well known. The components of the composition may be 
combined with any combination of optional additives (e. g., at least one 

25 diluent, binder, excipient, stabilizer, dessicant, preservative, coloring, or 
combinations thereof). See, generally, Ullmann's Encyclopedia of 
Industrial Chemistry, 6th Ed (electronic edition, 1998); Remington f s 
Pharmaceutical Sciences, 22nd (Gennaro, 1990, Mack Publishing); 
Pharmaceutical Dosage Forms, 2nd Ed. (various editors, 1989-1998, 

30 Marcel Dekker); and Pharmaceutical Dosage Forms and Drug Delivery 
Systems (Ansel et aL, 1994, Williams & Wilkins). 
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A pharmaceutical composition according to the invention may be in the 
form of an cream, emulsion, gel, lotion, ointment, paste, solution, 
suspension, or other liquid forms known in the art. A pharmaceutical 
5 composition according to the invention may optionally also comprise an 
adjuvant which potentiates an antigen-specific immune response. 

A sterile liquid composition suitable for use as the pharmaceutical 
composition according to the invention may be prepared by suspending an 

10 intended component of the formulation in a sufficient amount of an 
appropriate sterile solvent. Generally, dispersions are prepared by 
incorporating the various sterilized components of the formulation into a 
sterile vehicle which contains the basic dispersion medium. For 
production of solid forms that are required to be sterile, vacuum drying 

15 or freeze drying can be used. Solid dosage forms (e. g., powders, 
granules, pellets, tablets) or liquid dosage forms (e. g., liquid in ampules, 
capsules, vials) can be made from at least one active ingredient or 
component of the formulation. 

20 The relative amounts of active ingredients within a dose and the dosing 
schedule may be adjusted appropriately for efficacious administration to a 
subject (e.g., animal or human). This adjustment may depend on the 
subjects particular disease or condition, and whether therapy or 
prophylaxis is intended. To simplify administration of the formulation to 

25 the subject , each unit dose would contain the active ingredients in 
predetermined amounts for a single round of immunization. 

There are numerous causes of protein instability or degradation, including 
hydrolysis and denaturation. In the case of denaturation, a protein's 
30 conformation is disturbed and the protein may unfold from its usual 
globular structure. Rather than refolding to its natural conformation, 
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hydrophobic interaction may cause clumping of molecules together (i.e., 
aggregation) or refolding to an unnatural conformation. Either of these 
results may entail diminution or loss of antigenic activity. A stabilizer 
may be added to lessen or prevent such problems. 

5 

The pharmaceutical composition according to the invention, or any 
intermediate in its production, may be pretreated with protective agents 
(i.e., cryoprotectants and dry stabilizers) and then subjected to cooling 
rates and final temperatures that minimize ice crystal formation. By 
10 proper selection of cryoprotective agents and the use of preselected 
drying parameters, almost any formulation might be cryoprepared for a 
suitable desired end use. 

It should be understood in the following discussion of optional additives 
15 like excipients, stabilizers, dessicants, and preservatives are described by 
their function. Thus, a particular chemical may act as some combination 
of excipient, stabilizer, dessicant, and/or preservative. Such chemicals 
would be considered immunologically inactive because it does not directly 
induce an immune response, but it increases the response by enhancing 
immunological activity of the antigen or adjuvant: for example, by 
reducing modification of the antigen or adjuvant, or denaturation during 
drying and dissolving cycles. 

Stabilizers include cyclodextrin and derivatives thereof (see U. S. Patent 
5,730,969). Suitable preservatives such as sucrose, mannitol, sorbitol, 
trehalose, dextran, and glycerin can also be added to stabilize the final 
formulation. A stabilizer selected from nonionic surfactants, D-glucose, 
D-galactose, D-xylose, D-glucuronic acid, salts of D-glucuronic acid, 
trehalose, dextrans, hydroxy ethyl starches, and mixtures thereof may be 
added to the formulation. Addition of an alkali metal salt or magnesium 
chloride may stabilize a polypeptide, optionally including serum albumin 
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and freeze-drying to further enhance stability. A polypeptide may also be 
stabilized by contacting it with a saccharide selected from the group 
consisting of dextran, chondroitin sulfuric acid, starch, glycogen, insulin, 
dextrin, and alginic acid salt. Other sugars that can be added include 
5 monosaccharides, disaccharides, sugar alcohols, and mixtures thereof (e. 
g., glucose, mannose, galactose, fructose, sucrose, maltose, lactose, 
mannitol, xylitol). Polyols may stabilize a polypeptide, and are water- 
miscible or water-soluble. Suitable polyols may be polyhydroxy alcohols, 
monosaccharides and disaccharides including mannitol, glycerol, ethylene 

10 glycol, propylene glycol, trimethyl glycol, vinyl pyrrolidone, glucose, 
fructose, arabinose, mannose, maltose, sucrose, and polymers thereof. 
Various excipients may also stabilize polypeptides, including serum 
albumin, amino acids, heparin, fatty acids and phospholipids, surfactants, 
metals, polyols, reducing agents, metal cheating agents, polyvinyl 

15 pyrrolidone, hydrolyzed gelatin, and ammonium sulfate. 

Single-dose formulations can be stabilized in poly (lactic acid) (PLA) and 
poly (lactide-co-glycolide) (PLGA) microspheres by suitable choice of 
excipient or stabilizer. Trehalose may be advantageously used as an 
20 additive because it is a nonreducing saccharide, and therefore does not 
cause aminocarbonyl reactions with substances bearing amino groups such 
as proteins. 

The invention is illustrated with reference to the following Figures of the 
25 accompanying drawings: 

Figure 1 shows schematically the role of the Bacillus anthracis 
protein Protective Antigen; 



30 



Figure 2 shows the construction of vector DL242; 
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Figure 3 shows the construction of vector DL243; 



Figure 4 shows the integration of vector DL242 into B. subtilis 
chromosome; 

5 

Figure 5 shows the integration of vector DL243 into B. subtilis 
chromosome; 

Figure 6 shows single constructs of PA63 and Domain 4 of PA 
10 with CotB and a CotB promoter; 

Figure 7 shows single constructs of PA63 and Domain 4 of PA 
with CotC and a CotC promoter; 

15 Figure 8 shows single constructs of PA83, PA63 and Domain 4 of 

PA with rrnO promoter; 

Figure 9 shows Western blots specific for PA wherein PY79, non- 
recombinant B. subtilis. Spore coat extracts are fractionated by 
20 SDS-PAGE; arrows point to the fusion proteins CotB-PA63 (122 

kDa), CotB-Domain 4 (75 kDa, CotC-PA63 (75 kDa), and CotC- 
Domain 4 (28 kDa), respectively; in the last 2 lanes, vegetative 
cell lysates are fractionated by SDS-PAGE showing PA63 (63 kDa) 
and Domain 4 (16 kDa) respectively; 

25 

Figure 10 shows the results from immune responses after 
parenteral immunisation wherein a group of mice is immunised ( T) 
with recombinant B. subtilis spores expressing CotB-Domain 4, 
Ar/z0-PA63 (A); CotB-Domain 4, wiO-Domain 4 (■); CotC- 
30 PA63, /T/zO-PA63 (A); and CotC-PA63, rnzO-Domain 4 (□); sera 

are tested by ELISA for PA-specific IgG and endpoint titers are 
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calculated as dilutions that give the same optical density (OD 450n J 
as 1/40 dilution of a pooled pre-immune sample; naive, non- 
immunised (O) and mice immunised with non-recombinant B. 
subtilis spore (•) are included as control groups; 

5 

Figure 11 shows the protein sequence listing for B. anthracis 
protective antigen Domain I herein referred to as SEQ ID No. 1; 

Figure 12 shows the protein sequence listing for B. anthracis 
10 protective antigen Domain II herein referred to as SEQ ID No. 2; 

Figure 13 shows the protein sequence listing for B. anthracis 
protective antigen Domain III herein referred to as SEQ ID No. 3; 

15 Figure 14 shows the protein sequence listing for B. anthracis 

protective antigen Domain IV herein referred to as SEQ ID No. 4; 

Figure 15 shows the DNA sequence listing for promoter (rmO) - 
RBS (sspA) - MCS herein referred to as SEQ ID No. 5; 

20 

Figure 16 shows the protein sequence listing for B. anthracis 
protective antigen PA83 herein referred to as SEQ ID No. 6; 

Figure 17 shows the protein sequence listing for B. anthracis 
25 protective antigen PA63 herein referred to as SEQ ID No. 7; 

Figure 18 shows the results from immune responses after 
intraperitoneal immunisation wherein a group of mice is immunised 
( T) with recombinant B. subtilis expressing the stated fragments of 
30 anthrax protective antigen in a vegetative cell state; sera are tested 

by ELISA for PA-specific IgG and endpoint titers are calculated as 



WO 2005/068493 



PCT/GB2005/000170 



17 

dilutions that give the same optical density (OD 45 onin) as 1/40 
dilution of a pooled pre-immune sample; naive, non-immunised 
(O) and mice immunised with non-recombinant B. subtilis spore 
(•) are included as control groups; 

Figure 19 shows the results from immune responses of the group 
of mice tested in the experiments for which the data is shown in 
Figure 18; at day 45 the ELISA and TNA titres of the final sera 
were measured; 

Figure 20 shows the results from immune responses after nasal 
immunisation wherein a group of mice is immunised ( T)_with 
recombinant B. subtilis expressing the stated fragments of anthrax 
protective antigen in a vegetative cell state; sera are tested by 
ELISA for PA-specific IgG and endpoint titers are calculated as 
dilutions that give the same optical density (OD 4S0n J as 1/40 
dilution of a pooled pre-immune sample; naive, non-immunised 
(O) and mice immunised with non-recombinant B. subtilis spore 
(•) are included as control groups; 

Figure 21 shows the results from immune responses of the group 
of mice tested in the experiments for which the data is shown in 
Figure 20; at day 69 the ELISA and TNA titres of the final sera 
were measured; 

Figure 22 shows the results from immune responses after 
subcutaneous immunisation wherein a group of mice is immunised ( 
T)__with recombinant B. subtilis spores expressing the stated 
fragments of anthrax protective antigen on the spore coat; sera are 
tested by ELISA for PA-specific IgG and endpoint titers are 
calculated as dilutions that give the same optical density (OD 450nm ) 
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as 1/40 dilution of a pooled pre-immune sample; naive, non- 
immunised (O) and mice immunised with non-recombinant B. 
sub tilis spore (•) are included as control groups; 

Figure 23 shows the results from immune responses of the group 
of mice tested in the experiments for which the data is shown in 
Figure 22; at day 45 the ELISA and TNA titres of the final sera 
were measured; 

Figure 24 shows the results from immune responses after nasal 
immunisation wherein a group of mice is immunised ( T)_with 
recombinant B. subtilis spores expressing the stated fragments of 
anthrax protective antigen on the spore coat; sera are tested by 
ELISA for PA-specific IgG and endpoint titers are calculated as 
dilutions that give the same optical density (OD 450n J as 1/40 
dilution of a pooled pre-immune sample; naive, non-immunised 
(O) and mice immunised with non-recombinant B. subtilis spore 
(•) are included as control groups; 

Figure 25 shows the results from immune responses after oral 
immunisation wherein a group of mice is immunised ( f )_with 
recombinant B, subtilis expressing the stated fragments of anthrax 
protective antigen in the vegetative cell state; sera are tested by 
ELISA for PA-specific IgG and endpoint titers are calculated as 
dilutions that give the same optical density (OD, 5()nm ) as 1/40 
dilution of a pooled pre-immune sample; naive, non-immunised 
(O) and mice immunised with non-recombinant B. subtilis spore 
(•) are included as control groups; 

Figure 26 shows the results from immune responses of the group 
of mice tested in the experiments for which the data is shown in 
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Figure 25; at day 69 the ELISA and TNA titres of the final sera 
were measured; 

Figure 27 shows gene fusions in plasmid pDG364; 

5 

Figure 28 shows the DNA sequence listing for Anthrax Protective 
Antigen PA63 herein referred to as SEQ ID No. 8; 

Figure 29 shows the DNA sequence listing for Anthrax Protective 
10 Antigen Domain IV herein referred to as SEQ ID No. 9; 

Figure 30 shows the DNA sequence listing for Anthrax Protective 
Antigen Domain DIb23 herein referred to as SEQ ID No. 10; 

15 Figure 31 shows the protein sequence listing for Anthrax 

Protective Antigen Domain DIb23 herein referred to as SEQ ID 
No. 11; 

Figure 32 shows the DNA sequence listing for B. subtilis CotB 
20 protein from residue -263 to residue + 825 herein referred to as 

SEQ ID No. 12; 

Figure 33 shows the protein sequence listing for B. subtilis CotB 
protein from residue -263 to residue + 825 herein referred to as 
25 SEQ ID No. 13; 

Figure 34 shows the DNA sequence listing for B. subtilis CotC 
protein from residue -179 to residue + 198 herein referred to as 
SEQ ID No. 14; 
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Figure 35 shows the protein sequence listing for B. subtilis CotC 
protein from residue -179 to residue + 198 herein referred to as 
SEQ ID No. 15; 

5 Figure 36 shows single constructs of PA83 (full length), PA83, 

PagDlb23, PA63 and PagD4 with the rrnO promoter in pDL242; 

Figure 37 shows the DNA sequence listing for Anthrax PA83 (full 
length) herein referred to as SEQ ID No. 16; and 

10 

Figure 38 shows the DNA sequence listing for Anthrax PA83 
herein referred to as SEQ ID No. 17. 

Figure 1 illustrates the role of PA. In the first step, PA is secreted from 
15 the B. anthracis cell. PA is herein referred to as PA83 (full length) and 
is SEQ ID No. 16. Secretion cleaves the first 29 amino acids of PA83 
(full length) to produce the mature PA (PA83). PA83 (735 amino acids) 
carries 4 domains which are: 

Domain 1 (residues 1-250) which is SEQ ID No. 1; 
20 Domain 2 (residues 251-487) which is SEQ ID No. 2 ; 

Domain 3 (488-594) which is SEQ ID No. 3; and 
Domain 4 (residues 595-735) which is SEQ ID No. 4. 

Domain 4, covering residues 595-735 of the C-terminus of PA is required 
25 for receptor binding and monoclonal antibodies specific to this region can 
block receptor binding. 

In the second step of the process illustrated in Figure 1, mature PA83 
binds to cell receptor (using domain 4) and is cleaved (at domain 1) by a 
30 furin-like protease to free PA20 (subdomain la) and expose the EF/LF 
binding site (in subdomain lb). The activated PA63s (using domains 2 
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and 3) heptamerise (Milne et al. v 1994), and synchronously bind to 
EF/LF (up to 3 molecules EF/LF per PA63 heptamer), (Mogridge et aL, 
2002). The toxin complex is internalised by receptor-mediated 
endocytosis (Gordon et aL, 1988). When the endosome fuses to an acidic 
5 compartment, low pH enables the formation of a pore (using domain 2) 
through the lipid membrane (Blaustein et aL, 1989; Koehler and Collier, 
1991; Menard et al., 1996; Milne and Collier, 1993) hence the 
translocation of EF/LF moieties into the cytoplasm. The outcome is then 
cell death. 

10 

The invention will now be illustrated with reference to the following 
examples which are not intended to limit the scope of the invention 
claimed. 

15 EXAMPLE 1 

The Prrn0-RBS(sspA)-MCS vector was constructed as follows: 

rmO promoter (290 bp) was amplifed from B.subtilis chromosome 
20 (PY79) with forward (F) primer containing a Bglll site, and reverse (R) 
primer containing a Xbal site. 

sspA ribosome binding site (RBS) of B.subtilis (20 bp) was synthesised 
by annealing 2 oligonucleotides so that the double stranded DNA contains 
25 2 cohesive ends, Xbal at 5' and Ncol at 3\ 

These 2 fragments were cloned into pET28b restricted with Bglll and 
Ncol. 
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rrnO promoter, sspA RBS, and MCS from pET28b were amplified vWth 2 
primers containing PvuII site. The PCR product (Prm-RBS-MCS) was 
restricted with PvuII to create a blunt-ended DNA. 

5 Plasmids pDG364 and pDG1664 were restricted with EcoRI and BamHI, 
and blunt-ended by DNA polymerase I (Klenow) before ligated to the 
above (PrrnO-RBS-MCS) DNA fragment. 

The MCS are as follows (from the start codon ATG): Ndel, Nhel, 
10 BamHI, EcoRI, Sad, Sail, Hindlll, NotI, Xhol. 

EXAMPLE 2 

Construction of Recombinant B. subtilis Strains 

15 

The non-pathogenic spore-forming bacterium Bacillus subtilis was 
engineered to express different domains of the protective antigen (PA) 
from Bacillus anthracis. 

20 The domains chosen were: mature secreted PA83 (735 aa, 82.7 kDa), 
functional PA63 (568 aa, 63.5 kDa), and Domain 4 of PA (141 aa, 16.1 
kDa). 

The ways in which these antigens were displayed are: in-frame fusion 
25 with the B. subtilis spore coat {cotB and cotC) proteins for spore coat 
expression, or under the constitutive ribosomal RNA promoter (rrnO) for 
vegetative cell expression. Briefly, the fusion recombinant DNA 
(cotB/cotC with their promoters - antigens, or rrnO promoter - antigens) 
are introduced into B. subtilis chromosome by double-crossover 
30 integration at the amyE or thrC loci. The constructs (recombinant B. 
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subtilis expressing heterologous antigens) are selected by means of 
antibiotic markers (Figure 4 and 5) . 

The single constructs (spores expressing one antigen) are shown in 
5 Figures 6 and 7: 

1. CotB-PA63 

2. CotB-Domain 4 

3. CotC-PA63 

4. CotC-Domain 4 

10 

The following constructs are shown in Figure 8: 

5. rrnO-PA83 

6. rrnO-PA63 

7. rrnO-Domain 4 

15 

The following double constructs (spores expressing two antigens) were 
also used: 

9. CotB-Domain 4, rrnO-PA83 (2 and 5) 

10. CotB-Domain 4, rrnO-PA63 (2 and 6) 

20 11. CotB-Domain 4, rrnO-Domain 4 (2 and 7) 

12. CotB-Domain 4, rrnO-sLTB (2 and 8) 

13. CotC-PA63, rrnO-PA83 (3 and 5) 

14. CotC-PA63, rrnO-PA63 (3 and 6) 

15. CotC-PA63, rrnO-Domain 4 (3 and 7) 
25 16. CotC-PA63, rrnO-sLTB (3 and 8) 

Expression of PA on spore coat or in vegetative cells is checked by 
Western blots (Figure 9) and confocal immunofluorescent microscopy. 



30 
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With the constructs of Example 2, groups of 8 A/ J inbred mice were 
immunised by different routes: intra-peritoneal (i.p.), oral, and intra- 
5 nasal (i.n.). 

Parenteral immunisation (Figure 10) 

Intra-peritoneal injection utilised 3 doses of lxlO 9 spores on days 0, 20 
and 40. Serum samples were taken one day prior to an immunisation, and 
10 mice were sacrificed on day 55. The humoral immune responses to PA 
via serum IgG titers were evaluated by ELISA (Figure 10). Control 
groups were non-immunised (naive), or immunised with non-recombinant 
spores, or with purified PA protein. This study reveals constructs that are 
most immunogenic (titers > 2,000) and pilots the mucosal immunisations. 

15 

Mucosal immunisations 

Mucosal immunisations utilise 2 routes. Mice were dosed orally with 

1x10'° spores, or intra-nasally with lxlO 9 spores on days 0, 20 and 40. 

Control groups are included as in the i.p. route. The immune responses 
20 were assessed by various methods. Anti-PA serum IgG and its subclass 

(IgGl, IgG2a, IgG2b, IgG3) titres were determined by ELISA, so were 

fecal secreted IgA (for oral) and saliva IgA (for i.n.) titres on day 55. 

The results show the type of immune responses to PA expressed in B. 

subtilis mucosally administered to mice. The spore-specific responses 
25 were examined to further understand the nature of immunogenicity when 

using B. subtilis spores as mucosal delivery vehicles of heterologous 

antigens. 

Preliminary results show sero-conversion by the nasal and oral routes. 

30 

EXAMPLE 4 
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Construction of further Recombinant B. subtilis Strains 

The non-pathogenic spore-forming bacterium Bacillus subtilis was 
5 engineered to express different domains of the protective antigen (PA) 
from Bacillus anthracis. 

The domains chosen were: PA83 (full length, 764aa), mature secreted 
PA83 (735 aa, 82,7 kDa), PagDlb23 (47kDa, domain Dlb23), functional 
10 PA63 (568 aa, 63.5 kDa), Domain 4 of PA (also herein referred to as 
PagD4, 141 aa, 16.1 kDa). 

The ways in which these antigens were displayed are: in-frame fusion 
with the 2?. subtilis spore coat (cotB and cotC) proteins for spore coat 

15 expression, or under the constitutive ribosomal RNA. promoter (rrnO) for 
vegetative cell expression. Briefly, the fusion recombinant DNA 
(cotB/cotC with their promoters - antigens, or rrnO promoter - antigens) 
are introduced into B, subtilis chromosome by double-crossover 
integration at the amyE or thrC loci. The constructs (recombinant B. 

20 subtilis expressing heterologous antigens) are selected by means of 
antibiotic markers (Figure 4 and 5) . 

The following constructs in plasmid pDG364 are shown in Figure 27: 
1. CotB-PA63 
25 2. CotB-PagD4 

3. CotC-PagD4 

The following constructs in plasmid pDL242 are shown in Figure 37: 

4. rrnO-PA83 (full length) 
30 5. rrnO-PA83 

6. rrnO-PagDlb23 
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7. rrnO-PA63 

8. rrnO-PagD4 



The spores transformed by construct 4 of this Example are referred to as 
5 PA83 sec. This is because in the vegetative cell state the PA83 antigen is 
secreted from the cell. The PA83 (full length) protein which is expressed 
by the construct includes a 29 amino acid leader sequence which enables 
secretion. This leader sequence is chopped off the protein as it is 
translocated across a cell membrane and released from the cell. Thus the 
10 secreted polypeptide is PA83, not PA83 (full length). 

The spores transformed by construct 5 and 7 of this Example are referred 
to as PA83 intra and PA63 intra because the antigen is not secreted from 
the cell; instead it is only available intra-cellularly. 

15 

The following spores were also used: 

9. CotC-PagD4 Domain 4 of PA fused to the CotC spore coat 

protein 

10. CotB-PagD4 Domain 4 of PA fused to CotB spore coat 
20 protein 

11. CotB-PagDlb23 Domain Dlb23 fused to CotB spore coat 

protein 

For the CotB/C constructs, the initial fusion of gene sequences are made 
25 in E. coli and then subcloned into pDG364 (using a MCS). Next, 
pDG364 is linearised and introduced into B. subtilis cells by DNA 
mediated transformation as shown in Figure 5. 

For rrnO constructs that permit vegetative gene expression, the relevant 
30 gene sequence is cloned into the MCS (multiple cloning site) of pDL242 
(Figure 2) to allow fusion to the rbs of the sspA gene under the control of 
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the PrrnO promoter. It is noted that rrnO is a gene only expressed in 
vegetative cells, that is, only in the germinating/germinated spore. Coat 
proteins (ie, CotC and/or CotB are surface exposed proteins on the spore. 

5 The pDL242 recombinant plasmid is then linearised and introduced into 
B. subtilis cells by DNA mediated transformation as shown in Figure 4. 

EXAMPLE 5 

10 Evaluation of Immune Responses 

With the constructs of Example 4, groups of 6 Balb/C inbred mice were 
immunised by different routes: intra-peritoneal (i.p.), subcutaneous, 
intra-nasal (i.n.) and oral. 

15 

Intraperitoneal immunisation (Figures 18 and 19) 

Intra-peritoneal injection utilised 3 doses of lxl0 lJ spores on days 0, 16 
and 29. The spores had been transformed with vegetative cell expression 
constructs. Serum samples were taken one day prior to an immunisation, 

20 and mice were sacrificed on day 45. The humoral immune responses to 
PA via serum IgG titers were evaluated by ELISA (Figure 18) and using 
the TNA assay of Example 7 (Figure 19). Control groups were non- 
immunised (naive), or immunised with non-recombinant spores (data 
labelled as PY29), or with purified PA protein (5(ag/dose), or with a 100 

25 |il/dose (which is one fifth of a human dose) of human anthrax vaccine 
(labelled as AVA) as an internal control. 

Human anthrax vaccine is a cell-free extract of B. anthracis culture 
medium (Sterne strain) . The medium extract contains unknown amount of 
30 PA (mainly) and LF/EF (fraction) and other secreted proteins of the B. 
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anthracis strain. The extract is absorbed with Alum (aluminium 
hydroxide/phosphate) . 



5 Nasal immunisation (Figures 20 and 21) 

Nasal injection utilised 51 doses of 2xl0 9 spores on each day from day 0 
to day 50. The spores had been transformed with vegetative cell 
expression constructs. Serum samples were taken one day prior to an 
immunisation, and mice were sacrificed on day 69. The humoral immune 

10 responses to PA via serum IgG titers were evaluated by ELISA (Figure 
20) and using the TNA assay of Example 7 (Figure 21). Control groups 
were non-immunised (naive), or immunised with non-recombinant spores 
(data labelled as PY29), or with purified PA protein (5ug/dose),- or with a 
20 ul/dose (which is one twenty fifth of a human dose) of human anthrax 

15 vaccine (labelled as AVA) as an internal control. 

Subcutaneous immunisation (Figures 22 and 23) 

Subcutaneous injection utilised 3 doses of lxl0 y spores on days 0, 16 and 
29. The spores had been transformed with spore coat expression 
constructs. Serum samples were taken one day prior to an immunisation, 
and mice were sacrificed on day 45. The humoral immune responses to 
PA via serum IgG titers were evaluated by ELISA (Figure 22) and using 
the TNA assay of Example 7 (Figure 23). Control groups were non- 
immunised (naive), or immunised with non-recombinant spores (data 
25 labelled as PY29), or with purified PA protein (5ug/dose), or with 100 
ul/dose (which is one fifth of a human dose) of human anthrax vaccine 
(labelled as AVA) as an internal control. 

Nasal immunisation (Figure 24) 

30 Nasal injection utilised 51 doses of 2x10 s spores on each day from day 0 
to day 50. The spores had been transformed with spore coat expression 
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constructs. Serum samples were taken one day prior to an immunisation, 
and mice were sacrificed on day 69. The humoral immune responses to 
PA via serum IgG titers were evaluated by ELISA (Figure 24). Control 
groups were non-immunised (naive), or immunised with non-recombinant 
5 spores (data labelled as PY29), or with purified PA protein (5(ig/dose), or 
with 100 |il/dose (which is one fifth of a human dose) of human anthrax 
vaccine (labelled as AVA) as an internal control. 

Oral immunisation (Figures 25 and 26) 

10 Oral injection utilised 7 doses of lxlO 9 spores on days 1, 2, 3, 21, 22, 35 
and 36. The spores had been transformed with vegetative cell expression 
constructs. Serum samples were taken one day prior to an immunisation, 
and mice were sacrificed on day 69. The humoral immune responses to 
PA via serum IgG titers were evaluated by ELISA (Figure 25) and using 

15 the TNA assay of Example 7 (Figure 26). Control groups were non- 
immunised (naive), or immunised with non-recombinant spores (data 
labelled as PY29), or with purified PA protein (5|ig/dose), or with a 20 
|Lil/dose (which is one twenty fifth of a human dose) of human anthrax 
vaccine (labelled as AVA) as an internal control. 

20 

EXAMPLE 6 

The following methodology was used in the anti-PA ELISA assay. 

25 Plates were coated with 50 jiil/well of purified protective antigen (1 jig/ml 
in PBS) and left at room temperature overnight. After blocking with 2% 
BSA in PBS for 1.5 h at 37°C serum samples were applied using a 2-fold 
dilution series starting with a 1/40 dilution in ELISA diluent buffer (0.1M 
Tris-HCl, pH 7.4; 3% (w/v) NaCl; 2% (w/v) BSA; 10% (v/v) fetal 

30 bovine serum (Sigma); 0.1% (v/v) Triton-X-100; 0.05% (v/v) Tween-20). 
Every plate carried replicate wells of a negative control (a 1/40 diluted 
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pre-immune serum), a positive control (serum from mice immunised 
parentally with protective antigen). Plates were incubated for 1 h at 37 U C 
before addition of anti-mouse HRP conjugate (Sigma). Plates were 
incubated for a further 1 h at 37°C then developed using the substrate 
5 TMB (3, 3', 5, 5'-tetramethyl-benzidine; Sigma). Reactions were stopped 
using 2M H 2 S0„. Dilution curves were drawn for each sample and 
endpoint titres calculated as the dilution producing the same optical 
density as the 1/40 dilution of a pooled pre-immune serum. 

10 EXAMPLE 7 

The following methodology was used in the Toxin Neutralisation Assay 
(TNA). 

15 The murine macrophage-like cell line RAW264.7 (obtained from the 
European Collection of Animal Cell Cultures [ECACC]) was cultured as 
monolayers in DMEM medium (Sigma) supplemented with 10% (v/v) 
fecal bovine serum, 50 ug ml"' penicillin and 50 h ig ml"' streptomycin, in 
an atmosphere of 90% humidity containing 5% C0 2 at 37 U C. One day 
before use, the cells were detached by gentle scraping and seeded into 96- 
multiwell disposable plates in the same medium with 0.1 mM HEPES at a 
density of approximately 1 x 10 5 cells per well. Test sera were serially 
diluted in DMEM/HEPES medium, and mixed with anthrax lethal toxin 
(0.1 ug/ml LF, 0.08 ng/ml PA [Quadratic Diagnostics]) with volume 
25 ratio 1:1 in a separate 96-well plate, After 1 h incubation at 37*C, 
corresponding wells were transferred to the macrophage culture plate. 
After 3 h incubation at 37»C, surviving macrophages were measured by 
addition of WST-1 reagent (Roche) and further incubation for 4 h at 
37 u C.The absorbance was read at 450 nm wavelength, and results were 
30 scored against positive (medium only) and negative (toxin only) controls. 
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34 
CLAIMS 

1. A non-pathogenic spore comprising an antigenic fragment of 
anthrax protective antigen. 

5 

2. A spore as defined in claim 1 which is a Bacillus species spore; 
preferably a spore from one or more of the following organisms: Bacillus 
alvei; Bacillus badius; Bacillus brevis; Bacillus cereus; Bacillus 
coagulans; Bacillus fastidiosus; Bacillus licheniformis ; Bacillus mycoides; 

10 Bacillus pasteurii; Bacillus sphaericus; Bacillus aneurino lytic us; Bacillus 
carotarum; Bacillus flexus; Bacillus freudenreichi; Bacillus macroides; 
Bacillus similibadius; Bacillus thiaminolyticus; Bacillus subtilis; Bacillus 
pumilus; Bacillus vallismortis; Bacillus bengalicus; Bacillus flexus; 
and/or Bacillus licheniformis; more preferably a spore from Bacillus 

15 subtilis. 

3. A spore as defined in claim 1 or claim 2 which comprises an 
antigenic fragment of anthrax protective antigen in the form of a protein 
attached to the proteinaceous coat of the spore. 



20 



25 



30 



4. A spore as defined in any one of the preceding claims which 
comprises an antigenic fragment of anthrax protective antigen encoded in 
the form of DNA which is adapted to be expressed when the spore 
germinates. 

5. A spore as defined in any one of the preceding claims wherein the 
antigenic fragment is one or more of: 

PA83 which is SEQ ID No. 6; 
PA63 which is SEQ ID No. 7; 

Domain 1 of the protective antigen which is SEQ ID No. 1; 
Domain 2 of the protective antigen which is SEQ ID No. 2; 
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Domain 3 of the protective antigen which is SEQ ID No. 3; 
Domain 4 (residues 595-735) of the protective antigen which is 
SEQ ID No. 4; and 

Domain Dlb23 which is SEQ ID No. 10. 

5 

6. A spore substantially as hereinbefore described. 

7. A spore as defined in any one of the preceding claims which is for 
use as an anthrax vaccine. 

10 

8. A pharmaceutical composition comprising a non-pathogenic spore 
comprising at least an antigenic fragment of anthrax protective antigen in 
association with a pharmaceutical^ acceptable carrier and/or excipient. 

15 9. A composition as defined in claim 8 wherein the spore is a Bacillus 
species spore; preferably a spore from one or more of the following 
organisms: Bacillus alvei; Bacillus badius; Bacillus brevis; Bacillus 
cereus; Bacillus coagulans; Bacillus fastidiosus; Bacillus licheniformis; 
Bacillus mycoides; Bacillus pasteurii; Bacillus sphaericus; Bacillus 

20 aneurinolyticus; Bacillus carotarum; Bacillus flexus; Bacillus 
freudenreichi; Bacillus macroides; Bacillus similibadius; Bacillus 
thiaminolyticus; Bacillus subtilis; Bacillus pumilus; Bacillus vallismortis; 
Bacillus bengalicus; Bacillus flexus; and/or Bacillus licheniformis; more 
preferably a spore from Bacillus subtilis, 

25 

10. A composition as defined in claim 8 or claim 9 wherein the spore 
comprises at least an antigenic fragment of anthrax protective antigen in 
the form of a protein attached to the proteinaceous coat of the spore. 

30 11. A composition as defined in any one of claims 8 to 10 wherein the 
spore comprises at least an antigenic fragment of anthrax protective 
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antigen encoded in the form of DNA which is adapted to be expressed 
when the spore germinates. 

12. A composition as defined in any one of claims 8 to 11 which 
5 comprises an antigenic fragment of anthrax protective antigen, preferably 

the fragment is one or more of: 

PA83 which is SEQ ID No. 6; 
PA63 which is SEQ ID No. 7; 

Domain 1 of the protective antigen which is SEQ ID No. 1; 
10 Domain 2 of the protective antigen which is SEQ ID No. 2; 

Domain 3 of the protective antigen which is SEQ ID No. 3; 
Domain 4 (residues 595-735) of the protective antigen which is 
SEQ ID No. 4; and 

Domain Dlb23 which is SEQ ID No. 10. 

15 

13. A composition as defined in any one of claims 8 to 12 which 
further comprises an adjuvant which potentiates an antigen-specific 
immune response. 

20 14. A composition as defined in any one of claims 8 to 13 wherein the 
spore is substantially as hereinbefore described. 

15. A composition as defined in any one of claims 8 to 14 for use as an 
anthrax vaccine. 

25 

16. Use of a non-pathogenic spore comprising at least an antigenic 
fragment of anthrax protective antigen in the manufacture of a vaccine for 
anthrax for non-parenteral administration, preferably for nasal and/or oral 
administration. 

30 
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17. Use according to claim 16 wherein the spore is as defined in any 
one of claims 9 to 12. 

18. Use of a composition as defined in any one of claims 8 to 15 in the 
5 manufacture of a vaccine for anthrax. 

19. Use of a spore as defined in any one of claims 1 to 7 in the 
manufacture of a vaccine for anthrax. 

10 20. Use as defined in claim 18 or claim 19 wherein the vaccine is for 
non-parenteral administration, preferably for nasal and/or oral 
administration. 

21. A method of inducing immunity to anthrax in a mammal 
15 susceptible to anthrax infection which method comprises non-parenteral 
administration, preferably nasal or oral administration of an effective 
amount of a vaccine comprising a non-pathogenic spore comprising at 
least an antigenic fragment of anthrax protective antigen. 

20 22. A method as defined in claim 21 wherein the spore is as defined in 
any one of claims 9 to 12. 

23. A method of inducing immunity to anthrax in a mammal 
susceptible to anthrax infection which method comprises administration of 

25 an effective amount of a vaccine comprising a spore as defined in any one 
of claims 1 to 7 or of a composition as defined in any one of claims 8 to 
15. 

24. A method as defined in claim 23 wherein the vaccine is for non- 
30 parenteral administration, preferably for nasal and/or oral administration. 
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Figure 1 
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Figure 9 
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Figure 10 
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EVKQENRLLN ESESSSQGLL GYYFSDLNFQ APMWTSSTT GDLSIPSSEL ENIPSENQYF 60 

QSAIWSGFIK VKKSDEYTFA TSADNHVTMW VDDQEVINKA SNSNKIRLEK GRLYQIKIQY 120 

QRENPTEKGL DFKLYWTDSQ NKKEVISSDN LQLPELKQKS SNSRKKRSTS AGPTVPDRDN 180 

DGIPDSLEVE GYTVDVKNKR TFLSPWISNI HEKKGLTKYK SSPEKWSTAS DPYSDFEKVT 240 

GRIDKNVSPE 250 

Figure 11 



ARHPLVAAYP IVHVDMENII LSKNEDQSTQ NTDSQTRTIS KNTSTSRTHT SEVHGNAEVH 60 

ASFFDIGGSV SAGFSNSNSS TVAIDHSLSL AGERTWAETM GLNTADTARL NANIRYVNTG 120 

TAPIYNVLPT TSLVLGKNQT LATIKAKENQ LSQILAPNNY YPSKNLAPIA LNAQDDFSST 180 

PITMNYNQFL ELEKTKQLRL DTDQVYGMIA TYNFENGRVR VDTGSNWSEV LPQIQET 237 

Figure 12 



TARIIFNGKD LNLVERRIAA VNPSDPLETT KPDMTLKEAL KIAFGFNEPN GNLQYQGKDI 60 
TEFDFNFDQQ TSQNIKNQLA ELNVTNIYTV LDKIKLNAKM NILIRDK 107 

Figure 13 



RFHYDRNNIA VGADESWECE AHREVINSST EGLLLNIDKD IRKILSGYIV EIEDTEGLKE 60 
VINDRYDMLN ISSLRQDGKT FIDFKKYNDK LPLYISNPNY KVNVYAVTKE NTIINPSENG 120 
DTSTNGIKKI LIFSKKGYEI G 141 



Figure 14 
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gatcgacgat atctgcgatg cgtccggcgt agaggatcga gatctgcatg accattatga 60 

ctagtaaaaa ctttttcaaa aaagtattga cctagttaac taaaaatgtt actattaagt 120 

agtcgctttg agagaagcac acaaagttct ttgaaaacta aacaagacaa aacgtacctg 180 

ttaattcatt tttataaatc gcacagcgat gtgcgtagtc agtcaaacta gggcctgcac 240 

gacgcaggtc acacaggtgt cgccgcagga tgcggtgaac ttaacctgtt ctagaacaag 300 

gaggtgagac ccatgggcag cagccatcat catcatcatc acagcagcgg cctggtgccg 360 

cgcggcagcc atatggctag catgactggt ggacagcaaa tgggtcggga tccgaattcg 420 

agctccgtcg acaagcttgc ggccgcactc gagcaccacc accaccacca ctgagatccg 4 80 

gctgcc 486 



Figure 15 



EVKQENRLLN ESESSSQGLL GYYFSDLNFQ APMWTSSTT GDLSIPSSEL ENIPSENQYF 60 

QSAIWSGFIK VKKSDEYTFA TSADNHVTMW VDDQEVINKA SNSNKIRLEK GRLYQIKIQY 120 

QRENPTEKGL DFKLYWTDSQ NKKEVISSDN LQLPELKQKS SNSRKKRSTS AGPTVPDRDN 180 

DGIPDSLEVE GYTVDVKNKR TFLSPWISNI HEKKGLTKYK SSPEKWSTAS DPYSDFEKVT 240 

GRI DKNVSPE ARHPLVAAYP IVHVDMENII LSKNEDQSTQ NTDSQTRTIS KNTSTSRTHT 300 

SEVHGNAEVH ASFFDIGGSV SAGFSNSNSS TVAIDHSLSL AGERTWAETM GLNTADTARL 360 

NANIRYVNTG TAPIYNVLPT TSLVLGKNQT LATIKAKENQ LSQILAPNNY YPSKNLAPIA 420 

LNAQDDFSST PITMNYNQFL ELEKTKQLRL DTDQVYGNIA TYNFENGRVR VDTGSNWSEV 480 

LPQIQETTAR IIFNGKDLNL VERRIAAVNP SDPLETTKPD MTLKEALKIA FGFNEPNGNL 540 

QYQGKDITEF DFNFDQQTSQ NIKNQLAELN VTNIYTVLDK IKLNAKMNIL IRDKRFHYDR 600 

NNIAVGADES VVKEAHREVI NSSTEGLLLN IDKDIRKILS GYIVEIEDTE GLKEVINDRY 660 

DMLNISSLRQ DGKTFIDFKK YNDKLPLYIS NPNYKVNVYA VTKENTIINP SENGDTSTNG 720 

IKKILIFSKK GYEIG 735 

Figure 16 



STSAGPTVPD RDNDGIPDSL EVEGYTVDVK NKRTFLSPWI SNIHEKKGLT KYKSSPEKWS 60 

TASDPYSDFE KVTGRIDKNV SPEARHPLVA AYPIVHVDME NIILSKNEDQ STQNTDSQTR 120 

TISKNTSTSR THTSEVHGNA EVHASFFDIG GSVSAGFSNS NSSTVAIDHS LSLAGERTWA 180 

ETMGLNTADT ARLNANIRYV NTGTAPIYNV LPTTSLVLGK NQTLATIKAK ENQLSQILAP 240 

NNYYPSKNLA PIALNAQDDF SSTPITMNYN QFLELEKTKQ LRLDTDQVYG NIATYNFENG 300 

RVRVDTGSNW SEVLPQIQET TARIIFNGKD LNLVERRIAA VNPSDPLETT KPDMTLKEAL 360 

KIAFGFNEPN GNLQYQGKDI TEFDFNFDQQ TSQNIKNQLA ELNVTNIYTV LDKIKLNAKM 420 

NILIRDKRFH YDRNNIAVGA DESVVKEAHR EVINSSTEGL LLNIDKDIRK ILSGYIVEIE 480 

DTEGLKEVIN DRYDMLNISS LRQDGKTFID FKKYNDKLPL YISNPNYKVN VYAVTKENTI 540 

INPSENGDTS TNGIKKILIF SKKGYEIG 568 
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Figure 18 
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expression constructs 



Figure 19 



WO 2005/068493 



14/28 



PCT/GB2005/000170 




ELISA titers vs time for Nasal Immunisation with 
vegetative cell expression constructs 



Figure 20 
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ELISA and TNA titers of final sera (Day 69) for Nasal 
Immunisation with vegetative ceil expression constructs 



Figure 21 
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ELISA titers vs time for Subcutaneous Immunisation 
with spore coat expression constructs 



Figure 22 
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ELISA and TNA titers of final sera (Day 45) for 
Subcutaneous Immunisation with spore coat expression 

constructs 



Figure 23 
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agtacaagtgctggacctacggttccagaccgtgacaatgatggaatccctg 

attcattagaggtagaaggatatacggttgatgtcaaaaataaaagaacttt 

tcttt caeca tggat ttctaatattcatgaaaagaaaggattaaccaaatat 

aaatcatctcctgaa aaatggagcacggcttctgatccgtacagtgatttcg 

aaaaggttacaggacggattgataagaatgtatcaccagaggcaagacaccc 

ccttgtggcagcttatccgattgtacatgtagatatggagaatattattctc 

tcaaaaaatgaggat caatccacacagaa tact gat agtcaaacgagaacaa 

taagtaaaaatactt ctacaagtaggacacatactagtgaagtacatggaaa 

tgcagaagtgcatgcgtcgttctttgatattggtgggagtgtatctgcagga 

tttagtaattcgaattcaagtacggtcgcaattgatcattcactatctctag 

caggggaaagaacttgggctgaaacaatgggtttaaataccgctgatacagc 

aagattaaatgccaatattagatatgtaaatactgggacggctccaatctac 

aacgtgttaccaacgacttcgttagtgttaggaaaaaatcaaacactcgcga 

caattaaagctaaggaaaaccaattaagtcaaatacttgcacctaataatta 

ttatccttctaaaaacttggcgccaatcgcattaaatgcacaagacgatttc 

agttctactccaattacaatgaattacaatcaatttcttgagttagaaaaaa 

cgaaacaattaagattagatacggatcaagtatatgggaatatagcaacata 

caattttgaaaatggaagagtgagggtggatacaggctcgaactggagtgaa 

gtgttaccgcaaattcaagaaacaactgcacgtatcatttttaatggaaaag 

atttaaatctggtagaaaggcggatagcggcggttaatcctagtgatccatt 

agaaacgactaaaccggatatgacattaaaagaagcccttaaaatagcattt 

ggatttaacgaaccgaatggaaacttacaatatcaagggaaagacataaccg 

aatttgattttaatttcgatcaacaaacatctcaaaatatcaagaatcagtt 

agcggaattaaacgtaactaacatatatactgtattagataaaatcaaatta 

aatgcaaaaatgaatattttaataagagataaacgttttcattatgatagaa 

ataacatagcagttggggcggatgagtcagtagttaaggaggctcatagaga 

agtaattaattcgtcaacagagggattattgttaaatattgataaggatata 

agaaaaatattatcaggttatattgtagaaattgaagatactgaagggctta 

aagaagttataaatgacagatatgatatgttgaatatttctagtttacggca 

agatggaaaaacatttatagattttaaaaaatataatgataaattaccgtta 

tatataagtaatcccaattataaggtaaatgtatatgctgttactaaagaaa 

acactattattaatcctagtgagaatggggatactagtaccaacgggatcaa 

gaaaattttaa tcttt tctaaaaaaggc tat gaga taggataa 



Figure 28 
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cgttttcattatgatagaaataacatagcagttggggcggatgagtcagtag 
ttaaggaggctcatagagaagtaattaattcgtcaacagagggattattgtt 
aaatattgataaggatataagaaaaatattatcaggttatattgtagaaatt 
gaagatactgaagggcttaaagaagttataaatgacagatatgatatgttga 
atatttctagtttacggcaagatggaaaaacatttatagattttaaaaaata 
taatgataaattaccgttatatataagtaatcccaattataaggtaaatgta 
tatgctgttactaaagaaaacactattattaatcctagtgagaatggggata 

ctagtaccaacgggatcaagaaaattttaatcttttctaaaaaaggctatga 
gataggataa 



Figure 29 



agtacaagtgctggacctacggttccagaccgtgacaatgatggaatccctg 

attcattagaggtagaaggatatacggttgatgtcaaaaataaaagaacttt 

tctttcaccatggatttctaatattcatgaaaagaaaggattaaccaaatat 

aaatcatctcctgaaaaatggagcacggcttctgatccgtacagtgatttcg 

aaaaggttacaggacggattgataagaatgtatcaccagaggcaagacaccc 

ccttgtggcagcttatccgattgtacatgtagatatggagaatattattctc 

tcaaaaaatgaggatcaatccacacagaatactgatagtcaaacgagaacaa 

taagtaaaaatacttctacaagtaggacacatactagtgaagtacatggaaa 

tgcagaagtgcatgcgtcgttctttgatattggtgggagtgtatctgcagga 

tttagtaattcgaattcaagtacggtcgcaattgatcattcactatctctag 

caggggaaagaacttgggctgaaacaatgggtttaaataccgctgatacagc 

aagattaaatgccaatattagatatgtaaatactgggacggctccaatctac 

aacgtgttaccaacgacttcgttagtgttaggaaaaaatcaaacactcgcga 

caattaaagctaaggaaaaccaattaagtcaaatacttgcacctaataatta 

ttatccttctaaaaacttggcgccaatcgcattaaatgcacaagacgatttc 

agttctactccaattacaatgaattacaatcaatttcttgagttagaaaaaa 

cgaaacaattaagattagatacggatcaagtatatgggaatatagcaacata 

caattttgaaaat ggaagay Lgagggtggatacaggctcgaactggagtgaa 

gtgttaccgcaaattcaagaaacaactgcacgtatcatttttaatggaaaag 

atttaaatctggtagaaaggcggatagcggcggttaatcctagtgatccatt 

agaaacgactaaaccggatatgacattaaaagaagcccttaaaatagcattt 

ggatttaacgaaccgaatggaaacttacaatatcaagggaaagacataaccg 

aatttgattttaatttcgatcaacaaacatctcaaaatatcaagaatcagtt 

agcggaattaaacgtaactaacatatatactgtattagataaaatcaaatta 

aatgcaaaaatgaatattttaataagagataaa 



Figure 30 
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STSAGPTVPDRDNDGIPDSLEVEGYTVDVKNKRTFLSPWI SNIHEKKGLTKY 
KSSPEKWSTASDPYSDFEKVTGRIDKNVSPEARHPLVAAYPIVHVDMENIIL 
SKNEDQSTQNTDSQTRTISKNTSTSRTHTSEVHGNAEVHASFFDIGGSVSAG 
FSNSNSSTVAIDHSLSLAGERTWAETMGLNTADTARLNANIRYVNTGTAPIY 
NVLPTTSLVLGKNQTLATIKAKENQLSQILAPNNYYPSKNLAPIALNAQDDF 
SSTPITMNYNQFLELEKTKQLRLDTDQVYGNIATYNFENGRVRVDTGSNWSE 
VLPQIQETTARIIFNGKDLNLVERRIAAVNPSDPLETTKPDMTLKEALKIAF 
GFNEPNGNLQYQGKDITEFDFNFDQQTSQNIKNQLAELNVTNI YTVLDKIKL 
NAKMNILIRDK 



Figure 31 



acggattaggccgtttgtcctcatggacccgtataaaaagaatgatattgag 
cgttttgaccgtgagccggatgtgatctgcgagtatattaaaaaccgttcac 
aatacctcaaagatcatttaagtatt ttatgaatgcgtgaaaatgggtattc 
gcggaaaaagcgacaattaggctattgaattagttcaacaaat aaatgtgac 
acgtatatatgcagtatgtttatcatctatgtataagtgactaggaggaatt 
tgaat£agcaagaggagaatgaaat atcattcaaataatgaaatatcgtatt 
ataactttttgcactcaatgaaagataaaattgttactgtatatcgtggagg 
tccggaatctaaaaaaggaaaattaacagctgtaaaatcagattatatagct 
ttacaagctgaaaaaaaaataattt attatcagttggagcatgtgaaaagta 
ttactgaggataccaataatagcaccacaacaattgagactgaggaaatgct 
cgatgctgatgattttcatagcttaatcggacatttaataaaccaatcagtt 
caatttaaccaagggggtccggaatctaaaaaaggaagattggtctggctgg 
gagatgattacgctgcgttaaacacaaatgaggatggggtagtgtattttaa 
tatccatcacatcaaaagtataagtaaacacgagcctgatttgaaaatagaa 
gagcagacgccagttggagtt ttggaagct gatgattt aagcgaggttttta 
agagtctgactcataaatgggtttcaattaatcgtggaggtccggaagccat 
tgagggtatccttgtagataatgccgacggccattatactatagtgaaaaat 
caagaggtgcttcgcatctatcctt t tcacataaaaagcatcagcttaggtc 
caaaagggtcgtacaaaaaagaggatcaaaaaaatgaacaaaaccaggaaga 
caataatgataaggacagcaattcgttcatttcttcaaaatcatatagctca 
tcaaaatcatctaaacgatcactaaaatcttcagatgatcaatcatcc 
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atgaaaaaacgaaaagtgttaataccattaatggcattgtctacgatattag 

aagcacaggtaatttagaggtgattcaggcagaagttaaacaggagaa 
ccggttattaaatgaatcagaatcaagttcccaggggttactaggatactat 

tttagtgatttgaattttcaagcacccatggtggttacttcttctactacag 

gggatttatctattcctagttctgagttagaaaatattccatcggaaaacca 

atattttcaatctgctatttggtcaggatttatcaaagttaagaagagtgat 

gaatatacatttgctacttccgctgataatcatgtaacaatgtgggtagatq 

accaagaagtgattaataaagcttctaattctaacaaaatcagattagaaaa 

aggaagattatatcaaataaaaattcaatatcaacgagaaaatcctactgaa 

aaaggattggatttcaagttgtactggaccgattctcaaaataaaaaagaag 

tgatttctagtgataacttacaattgccagaattaaaacaaaaatcttcgaa 

ctcaagaaaaaagcgaagtacaagtgctggacctacggttccagaccgtgac 

aatgatggaatccctgattcattagaggtagaaggatatacggttgatgtca 

aaaataaaagaacttttctttcaccatggatttctaatattcatgaaaagaa 

aggattaaccaaatataaatcatctcctgaaaaatggagcacggcttctgat 

ccgtacagtgatttcgaaaaggttacaggacggattgataagaatgtatcac 

cagaggcaagacacccccttgtggcagcttatccgattgtacatgtagatat 

ggagaatattattctctcaaaaaatgaggatcaatccacacagaatactgat 

agtcaaacgagaacaataagtaaaaatacttctacaagtaggacacatacta 

gtgaagtacatggaaatgcagaagtgcatgcgtcgttctttgatattggtgg 

gagtgtatctgcaggatttagtaattcgaattcaagtacggtcgcaattgat 

cattcactatctctagcaggggaaagaacttgggctgaaacaatgggtttaa 

ataccgctgatacagcaagattaaatgccaatattagatatgtaaatactgg 

gacggctccaatctacaacgtgttaccaacgacttcgttagtgttaggaaaa 

aatcaaacactcgcgacaattaaagctaaggaaaaccaattaagtcaaatac 

ttgcacctaataattattatccttctaaaaacttggcgccaatcgcattaaa 

tgcacaagacgatttcagttctactccaattacaatgaattacaatcaattt 

cttgagttagaaaaaacgaaacaattaagattagatacggatcaagtatatg 

ctcgaactggagtgaagtgttaccgcaaattcaagaaacaactgcacgtatc 

atttttaatggaaaagatttaaatctggtagaaaggcggatagcggcggtta 

atcctagtgatccattagaaacgactaaaccggatatgacattaaaagaagc 

ccttaaaatagcatttggatttaacgaaccgaatggaaacttacaatatcaa 

gggaaagacataaccgaatttgattttaatttcgatcaacaaacatctcaaa 

atatcaagaatcagttagcggaattaaacgtaactaacatatatactgtatt 

agataaaatcaaattaaatgcaaaaatqaatattttaat.aagagataaa«q- 

"^ att f tg ; tagaaataaCatagCagttgg ^cggatgagtcagtagJta 

aggaggctcatagagaagtaattaattcgtcaacagagggattattgttaaa 

tattgataaggatataagaaaaatattatcaggttatattgtagaaattgaa 

g ^ a r gaa ? g9Cttaaagaagttataaatgacagatatgatat gttgaata 

tttctagtttacggcaagatggaaaaacatttatagattttaaaaaatataa 

tgataaattaccgttatatataagtaatcccaattataaggtaaatgtatat 

gctgttactaaagaaaacactattattaatcctagtgagaatggggatacta 

ag5a?aa Cggg atCaagaaaattttaatcttttctaaa aaaggct;tgagat 

Figure 37 
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gaagttaaacaggagaaccggttattaaatgaatcagaatcaagttcccagg 

ggttactaggatactattttagtgatttgaattttcaagcacccatggtggt 

tacttcttctactacaggggatttatctattcctagttctgagttagaaaat 

attccatcggaaaaccaatattttcaatctgctatttggtcaggatttatca 

aagttaagaagagtgatgaatatacatttgctacttccgctgataatcatgt 

aacaatgtgggtagatgaccaagaagtgattaataaagcttctaattctaac 

aaaatcagattagaaaaaggaagattatatcaaataaaaattcaatatcaac 

gagaaaatcctactgaaaaaggattggatttcaagttgtactggaccgattc 

tcaaaataaaaaagaagtgatttctagtgataacttacaattgccagaatta 

aaacaaaaatcttcgaactcaagaaaaaagcgaagtacaagtgctggaccta 

cggttccagaccgtgacaatgatggaatccctgattcattagaggtagaagg 

atatacggttgatgtcaaaaataaaagaacttttctttcaccatggatttct 

aatattcatgaaaagaaaggattaaccaaatataaatcatctcctgaaaaat 

ggagcacggcttctgat ccgtacagtgatttcgaaaaggttacaggacggat 

tgataagaatgtatcaccagaggcaagacacccccttgtggcagcttatccg 

attgtacatgtagatatggagaatattattctctcaaaaaatgaggatcaat 

ccacacagaat act ga t agtcaaacgagaa caataagtaaaaa tact tctac 

aagtaggacacatactagtgaagtacatggaaatgcagaagtgcatgcgtcg 

ttctttgatattggtgggagtgtatctgcaggatttagtaattcgaattcaa 

gtacggtcgcaattgat cattcactatctctagcaggggaaagaact tgggc 

tgaaacaatgggtttaaataccgctgatacagcaagattaaatgccaatatt 

agatatgtaaatactgggacggctccaatctacaacgtgttaccaacgactt 

cgttagtgttaggaaaaaatcaaacactcgcgacaattaaagctaaggaaaa 

ccaattaagtcaaatacttgcacctaataattattatccttctaaaaacttg 

gcgccaatcgcattaaatgcacaagacgatttcagttctactccaattacaa 

tgaattacaatcaattt cttgagttagaaaaaacgaaacaattaagattaga 

tacggatcaagtatatgggaatatagcaacatacaattttgaaaatggaaga 

gtgagggtggatacaggctcgaactggagtgaagtgttaccgcaaattcaag 

aaacaactgcacgtatcatttttaatggaaaagatttaaatctggtagaaag 

gcggatagcggcggttaatcctagtgatccattagaaacgactaaaccggat 

atgacattaaaagaagcccttaaaatagcatttggatttaacgaaccgaatg 

gaaacttacaatatcaagggaaagacataaccgaatttgattttaatttcga 

tcaacaaacatctcaaaatatcaagaatcagttagcggaattaaacgtaact 

aacatatatactgtatt agataaaatcaaattaaatgcaaaaatgaatattt 

taataagagataaacgt tttcattatgatagaaataacatagcagttggggc 

ggatgagtcagtagttaaggaggctcatagagaagtaattaattcgtcaaca 

gagggattattgttaaatattgataaggatataagaaaaatattatcaggtt 

atattgtagaaattgaagatactgaagggcttaaagaagttataaatgacag 

atatgatatgttgaatatttctagtttacggcaagatggaaaaacatttata 

gattttaaaaaatataatgataaattaccgttatatataagtaatcccaatt 

ataaggtaaatgtatatgctgttactaaagaaaacactattattaatcctag 

tgagaatggggatactagtaccaacgggatcaagaaaattttaatcttttct 

aaaaaaggctatgagat aggataa 



Figure 38 
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SEQUENCE LISTING 

<U0> Royal Holloway university of London 

<120> Improvements in or relating to Vaccination 

<130> JPP237 

<160> 17 

<170> Patentln version 3.3 

<210> 1 
<211> 250 
<212> PRT 

<213> Bacillus anthracis 
<400> 1 

Glu val Lys Gin Glu Asn Arg Leu Leu Asn Glu ser Glu Ser Ser Ser 
15 10 15 

Gin Gly Leu Leu Gly Tyr Tyr Phe ser Asp Leu Asn Phe Gin Ala Pro 
20 25 30 

Met Val val Thr Ser Ser Thr Thr Gly Asp Leu Ser lie Pro Ser Ser 
35 40 45 

Glu Leu Glu Asn lie Pro Ser Glu Asn Gin Tyr Phe Gin Ser Ala He 
50 55 60 

Trp ser Gly Phe lie Lys Val Lys Lys Ser Asp Glu Tyr Thr Phe Ala 
65 70 75 80 

Thr Ser Ala Asp Asn His Val Thr Met Trp Val Asp Asp Gin Glu val 
85 90 95 

lie Asn Lys Ala Ser Asn Ser Asn Lys lie Arg Leu Glu Lys Gly Arq 
100 105 do 

Leu Tyr Gin lie Lys He Gin Tyr Gin Arg Glu Asn Pro Thr Glu Lys 
115 120 125 

Gly Leu Asp Phe Lys Leu Tyr Trp Thr Asp ser Gin Asn Lys Lys Glu 
130 135 140 

val He Ser Ser Asp Asn Leu Gin Leu Pro Glu Leu Lys Gin Lys ser 
145 150 155 160 

Ser Asn Ser Arg Lys Lys Arg Ser Thr Ser Ala Gly Pro Thr val Pro 
165 " 170 175 

Asp Arg Asp Asn Asp Gly lie Pro Asp Ser Leu Glu Val Glu Glv Tvr 
180 185 190 

Thr val Asp Val Lys Asn Lys Arg Thr Phe Leu Ser Pro Trp lie Ser 
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195 200 205 

Asn lie His Glu Lys Lys Gly Leu Thr Lys Tyr Lys Ser Ser Pro Glu 
210 215 220 

Lys Trp ser Thr Ala Ser Asp Pro Tyr ser Asp Phe Glu Lys Val Thr 
225 230 235 240 

Gly Arg lie Asp Lys Asn Val ser Pro Glu 
245 250 

<210> 2 
<211> 237 
<212> PRT 

<213> Bacillus anthracis 
<400> 2 

Ala Arg His Pro Leu Val Ala Ala Tyr Pro lie Val His Val Asp Met 
15 10 15 

Glu Asn lie lie Leu ser Lys Asn Glu Asp Gin Ser Thr Gin Asn Thr 
20 25 30 

Asp ser Gin Thr Arg Thr lie Ser Lys Asn Thr Ser Thr ser Arg Thr 
35 40 45 

His Thr Ser Glu val His Gly Asn Ala Glu val His Ala ser Phe Phe 
50 55 60 

Asp lie Gly Gly ser Val Ser Ala Gly Phe Ser Asn Ser Asn ser ser 
65 70 75 80 

Thr Val Ala He Asp His Ser Leu Ser Leu Ala Gly Glu Arg Thr Trp 
85 90 95 

Ala Glu Thr Met Gly Leu Asn Thr Ala Asp Thr Ala Arg Leu Asn Ala 
100 105 HO 

Asn lie Arg Tyr val Asn Thr Gly Thr Ala Pro lie Tyr Asn Val Leu 
115 120 125 

Pro Thr Thr ser Leu Val Leu Gly Lys Asn Gin Thr Leu Ala Thr lie 
130 135 140 

Lys Ala Lys Glu Asn Gin Leu Ser Gin He Leu Ala pro Asn Asn Tyr 
145 150 155 160 

Tyr Pro ser Lys Asn Leu Ala Pro lie Ala Leu Asn Ala Gin Asp Asp 
165 170 175 

Phe ser ser Thr Pro lie Thr Met Asn Tyr Asn Gin Phe Leu Glu Leu 
180 185 190 
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Glu Lys Thr Lys Gin Leu Arg Leu Asp Thr Asp Gin Val Tyr Gly Asn 
195 200 205 

lie Ala Thr Tyr Asn Phe Glu Asn Gly Arg Val Arg Val Asp Thr Gly 
210 215 220 

ser Asn Trp ser Glu Val Leu Pro Gin lie Gin Glu Thr 
225 230 235 

<210> 3 

<211> 107 

<212> PRT 

<213> Bacillus anthracis 

<400> 3 

Thr Ala Arg lie He Phe Asn Gly Lys Asp Leu Asn Leu val Glu Arg 
1 5 10 15 

Arg lie Ala Ala Val Asn Pro ser Asp Pro Leu Glu Thr Thr Lys Pro 
20 25 30 

Asp Met Thr Leu Lys Glu Ala Leu Lys lie Ala Phe Gly Phe Asn Glu 
35 40 45 

Pro Asn Gly Asn Leu Gin Tyr Gin Gly Lys Asp lie Thr Glu Phe Asp 
50 55 60 

Phe Asn Phe Asp Gin Gin Thr Ser Gin Asn lie Lys Asn Gin Leu Ala 
65 70 75 80 

Glu Leu Asn Val Thr Asn lie Tyr Thr Val Leu Asp Lys lie Lys Leu 
85 90 95 

Asn Ala Lys Met Asn lie Leu lie Arg Asp Lys 
100 105 

<210> 4 
<211> 141 
<212> PRT 

<213> Bacillus anthracis 
<400> 4 

Arg Phe His Tyr Asp Arg Asn Asn He Ala Val Gly Ala Asp Glu Ser 
15 10 15 

val val Lys Glu Ala His Arg Glu val lie Asn Ser Ser Thr Glu Gly 
20 25 30 

Leu Leu Leu Asn lie Asp Lys Asp lie Arg Lys lie Leu Ser Gly Tyr 
35 40 45 
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lie val Glu He Glu Asp Thr 6lu Gly Leu Lys Glu val lie Asn Asp 
50 55 60 

Arg Tyr Asp Met Leu Asn lie ser ser Leu Arg Gin Asp Gly Lys Thr 
65 70 75 80 

Phe lie Asp Phe Lys Lys Tyr Asn Asp Lys Leu Pro Leu Tyr lie Ser 
85 90 95 

Asn Pro Asn Tyr Lys Val Asn Val Tyr Ala val Thr Lys Glu Asn Thr 
100 105 HO 

lie lie Asn Pro ser Glu Asn Gly Asp Thr ser Thr Asn Gly lie Lys 
115 120 125 

Lys He Leu lie Phe Ser Lys Lys Gly Tyr Glu lie Gly 
130 135 140 

<210> 5 

<211> 486 

<212> DNA 
<213> 

<400> 5 

gatcgacgat atctgcgatg cgtccggcgt agaggatcga gatctgcatg accattatga 60 

ctagtaaaaa ctttttcaaa aaagtattga cctagttaac taaaaatgtt actattaagt 120 

agtcgctttg agagaagcac acaaagttct ttgaaaacta aacaagacaa aacgtacctg 180 

ttaattcatt tttataaatc gcacagcgat gtgcgtagtc agtcaaacta gggcctgcac 240 

gacgcaggtc acacaggtgt cgccgcagga tgcggtgaac ttaacctgtt ctagaacaag 300 

gaggtgagac ccatgggcag cagccatcat catcatcatc acagcagcgg cctggtgccg 360 

cgcggcagcc atatggctag catgactggt ggacagcaaa tgggtcggga tccgaattcg 420 

agctccgtcg acaagcttgc ggccgcactc gagcaccacc accaccacca ctgagatccg 
gctgcc 

<210> 6 

<211> 735 

<212> PRT 

<213> Bacillus anthracis 

<400> 6 

Glu Val Lys Gin Glu Asn Arg Leu Leu Asn Glu ser Glu Ser Ser ser 
1 5 10 15 

Gin Gly Leu Leu Gly Tyr Tyr Phe Ser Asp Leu Asn Phe Gin Ala Pro 
20 25 30 

Met val val Thr Ser ser Thr Thr Gly Asp Leu Ser He Pro Ser ser 
35 40 45 



480 
486 
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Glu Leu Glu Asn He Pro Ser Glu Asn Gin Tyr Phe Gin ser Ala lie 
50 55 60 

Trp Ser Gly Phe He Lys Val Lys Lys ser Asp Glu Tyr Thr phe Ala 
65 70 75 80 

Thr Ser Ala Asp Asn His Val Thr Met Trp val Asp Asp Gin Glu val 
85 90 95 

He Asn Lys Ala Ser Asn ser Asn Lys lie Arg Leu Glu Lys Glv Ara 
100 105 lio 

Leu Tyr Gin He Lys He Gin Tyr Gin Arg Glu Asn Pro Thr Glu Lys 
115 120 125 

Gly Leu Asp Phe Lys Leu Tyr Trp Thr Asp ser Gin Asn Lys Lys Glu 
130 135 140 

yal lie Ser Ser Asp Asn Leu Gin Leu Pro Glu Leu Lys Gin Lys ser 
145 150 155 160 

ser Asn Ser Arg Lys Lys Arg Ser Thr Ser Ala Gly Pro Thr Val Pro 
165 170 175 

Asp Arg Asp Asn Asp Gly lie Pro Asp Ser Leu Glu val Glu Gly Tyr 
180 185 190 

Thr Val Asp Val Lys Asn Lys Arg Thr Phe Leu Ser Pro Trp lie Ser 
195 200 205 

Asn lie His Glu Lys Lys Gly Leu Thr Lys Tyr Lys ser ser pro Glu 
210 215 220 

Lys Trp ser Thr Ala ser Asp pro Tyr ser Asp Phe Glu Lys val Thr 
225 230 235 240 

Gly Arg lie Asp Lys Asn Val Ser Pro Glu Ala Arg His Pro Leu val 
245 250 255 

Ala Ala Tyr Pro lie val His Val Asp Met Glu Asn He lie Leu ser 
260 265 270 

Lys Asn Glu Asp Gin ser Thr Gin Asn Thr Asp ser Gin Thr Arg Thr 
275 280 285 

lie Ser Lys Asn Thr ser Thr ser Arg Thr His Thr Ser Glu val His 
290 295 300 

Gly Asn Ala Glu Val His Ala Ser Phe Phe Asp He Gly Gly ser Val 
305 310 315 320 
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Ser Ala Gly Phe Ser Asn ser Asn ser Ser Thr Val Ala lie Asp His 
325 330 335 

ser Leu ser Leu Ala Gly Glu Arg Thr Trp Ala Glu Thr Met Gly Leu 
340 345 350 

Asn Thr Ala Asp Thr Ala Arg Leu Asn Ala Asn lie Arg Tyr val Asn 
355 360 365 

Thr Gly Thr Ala Pro He Tyr Asn val Leu Pro Thr Thr Ser Leu val 
370 375 380 

Leu Gly Lys Asn Gin Thr Leu Ala Thr lie Lys Ala Lys Glu Asn Gin 
385 390 395 400 

Leu Ser Gin lie Leu Ala Pro Asn Asn Tyr Tyr Pro Ser Lys Asn Leu • 
405 410 415 

Ala Pro lie Ala Leu Asn Ala Gin Asp Asp Phe Ser Ser Thr Pro lie 
420 425 430 

Thr Met Asn Tyr Asn Gin Phe Leu Glu Leu Glu Lys Thr Lys Gin Leu 
435 440 445 

Arg Leu Asp Thr Asp Gin Val Tyr Gly Asn lie Ala Thr Tyr Asn Phe 
450 455 460 

Glu Asn Gly Arg Val Arg Val Asp Thr Gly ser Asn Trp ser Glu Val 
465 470 475 480 

Leu Pro Gin lie Gin Glu Thr Thr Ala Arg lie lie Phe Asn Gly Lys 
485 490 495 

Asp Leu Asn Leu val Glu Arg Arg lie Ala Ala Val Asn Pro Ser Asp 
500 ~ 505 510 

Pro Leu Glu Thr Thr Lys Pro Asp Met Thr Leu Lys Glu Ala Leu Lys 
515 520 525 

lie Ala Phe Gly Phe Asn Glu Pro Asn Gly Asn Leu Gin Tyr Gin Gly 
530 535 540 

Lys Asp lie Thr Glu Phe Asp Phe Asn Phe Asp Gin Gin Thr Ser Gin 
545 550 555 560 

Asn He Lys Asn Gin Leu Ala Glu Leu Asn val Thr Asn lie Tyr Thr 
565 570 575 

Val Leu Asp Lys lie Lys Leu Asn Ala Lys Met Asn lie Leu lie Arg 
580 585 590 
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Asp Lys Arg Phe His Tyr Asp Arg Asn Asn lie Ala Val Gly Ala Asp 
595 600 605 

Glu ser val Val Lys Glu Ala His Arg Glu val lie Asn Ser ser Thr 
610 615 620 

Glu Gly Leu Leu Leu Asn He Asp Lys Asp lie Arg Lys lie Leu Ser 
625 630 635 640 

Gly Tyr He Val Glu lie Glu Asp Thr Glu Gly Leu Lys Glu val lie 
645 650 655 

Asn Asp Arg Tyr Asp Met Leu Asn lie Ser ser Leu Arg Gin Asp Gly 
660 665 670 

Lys Thr Phe lie Asp Phe Lys Lys Tyr Asn Asp Lys Leu Pro Leu Tyr 
675 680 685 

lie Ser Asn Pro Asn Tyr Lys val Asn Val Tyr Ala Val Thr Lys Glu 
690 695 700 

Asn Thr lie lie Asn Pro Ser Glu Asn Gly Asp Thr Ser Thr Asn Gly 
705 710 715 720 

lie Lys Lys lie Leu lie Phe ser Lys Lys Gly Tyr Glu lie Gly 
725 730 735 

<210> 7 
<211> 568 
<212> PRT 

<213> Bacillus anthracis 
<400> 7 

Ser Thr ser Ala Gly Pro Thr Val Pro Asp Arg Asp Asn Asp Gly lie 
15 10 15 

Pro Asp ser Leu Glu Val Glu Gly Tyr Thr val Asp val Lys Asn Lys 
20 25 30 

Arg Thr Phe Leu ser Pro Trp lie Ser Asn He His Glu Lys Lys Gly 
35 40 45 

Leu Thr Lys Tyr Lys Ser Ser Pro Glu Lys Trp ser Thr Ala Ser Asp 
50 55 60 

Pro Tyr Ser Asp Phe Glu Lys Val Thr Gly Arg He Asp Lys Asn Val 
65 70 75 80 

Ser Pro Glu Ala Arg His Pro Leu Val Ala Ala Tyr Pro lie Val His 
85 90 95 

val Asp Met Glu Asn He He Leu ser Lys Asn Glu Asp Gin ser Thr 
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100 



105 



110 



Gin Asn Thr Asp ser Gin Thr Arg Thr He ser Lys Asn Thr Ser Thr 
115 120 125 

ser Arg Thr His Thr ser Glu Val His Gly Asn Ala Glu val His Ala 
130 135 140 

ser Phe Phe Asp lie Gly Gly Ser val Ser Ala Gly Phe Ser Asn Ser 
145 150 155 160 

Asn ser ser Thr val Ala lie Asp His Ser Leu Ser Leu Ala Gly Glu 
165 170 175 

Arg Thr Trp Ala Glu Thr Met Gly Leu Asn Thr Ala Asp Thr Ala Arg 
y 180 185 190 

Leu Asn Ala Asn He Arg Tyr Val Asn Thr Gly Thr Ala Pro He Tyr 
195 200 205 

Asn val Leu Pro Thr Thr Ser Leu Val Leu Gly Lys Asn Gin Thr Leu 
210 215 220 

Ala Thr He Lys Ala Lys Glu Asn Gin Leu Ser Gin lie Leu Ala Pro 
225 230 235 240 

Asn Asn Tyr Tyr Pro Ser Lys Asn Leu Ala Pro lie Ala Leu Asn Ala 
245 250 255 

Gin Asp Asp Phe ser Ser Thr Pro He Thr Met Asn Tyr Asn Gin Phe 
260 265 270 

Leu Glu Leu Glu Lys Thr Lys Gin Leu Arg Leu Asp Thr Asp Gin Val 
275 280 285 

Tyr Gly Asn lie Ala Thr Tyr Asn Phe Glu Asn Gly Arg Val Arg val 
290 295 300 

Asp Thr Gly Ser Asn Trp ser Glu Val Leu Pro Gin lie Gin Glu Thr 
305 310 315 320 

Thr Ala Arg lie lie Phe Asn Gly Lys Asp Leu Asn Leu val Glu Arg 
325 330 335 

Arg lie Ala Ala Val Asn Pro Ser Asp Pro Leu Glu Thr Thr Lys Pro 
a 340 345 350 

Asp Met Thr Leu Lys Glu Ala Leu Lys lie Ala Phe Gly Phe Asn Glu 
355 360 365 



Pro Asn Gly Asn Leu Gin Tyr Gin Gly Lys Asp He Thr Glu Phe Asp 
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370 375 380 

Phe Asn Phe Asp Gin Gin Thr ser Gin Asn lie Lys Asn Gin Leu Ala 
385 390 395 400 

Glu Leu Asn Val Thr Asn lie Tyr Thr Val Leu Asp Lys lie Lys Leu 
405 410 415 

Asn Ala Lys Met Asn lie Leu lie Arg Asp Lys Arg Phe His Tyr Asp 
420 425 430 

Arg Asn Asn lie Ala Val Gly Ala Asp Glu Ser val Val Lys Glu Ala 
435 440 445 

His Arg Glu val lie Asn ser Ser Thr Glu Gly Leu Leu Leu Asn lie 
450 455 460 

Asp Lys Asp lie Arg Lys lie Leu Ser Gly Tyr lie val Glu He Glu 
465 470 475 480 

Asp Thr Glu Gly Leu Lys Glu val lie Asn Asp Arg Tyr Asp Met Leu 
485 490 " 495 

Asn lie Ser ser Leu Arg Gin Asp Gly Lys Thr phe lie Asp phe Lys 
500 505 510 

Lys Tyr Asn Asp Lys Leu Pro Leu Tyr lie ser Asn Pro Asn Tyr Lys 
515 520 525 

Val Asn Val Tyr Ala Val Thr Lys Glu Asn Thr lie lie Asn Pro Ser 
530 535 540 

Glu Asn Gly Asp Thr ser Thr Asn Gly lie Lys Lys lie Leu lie Phe 
545 550 555 560 

Ser Lys Lys Gly Tyr Glu lie Gly 
565 

<210> 8 
<211> 1707 
<212> DNA 

<213> Bacillus anthracis 
<400> 8 

agtacaagtg ctggacctac ggttccagac cgtgacaatg atggaatccc tgattcatta 60 

gaggtagaag gatatacggt tgatgtcaaa aataaaagaa cttttctttc accatggatt 120 

tctaatattc atgaaaagaa aggattaacc aaatataaat catctcctga aaaatggagc 180 

acggcttctg atccgtacag tgatttcgaa aaggttacag gacggattga taagaatgta 240 

tcaccagagg caagacaccc ccttgtggca gcttatccga ttgtacatgt agatatggag 300 

aatattattc tctcaaaaaa tgaggatcaa tccacacaga atactgatag tcaaacgaga 360 
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acaataagta aaaatacttc 


tacaagtagg 


acacatacta 


gtgaagtaca 


tggaaatgca 


420 


gaagtgcatg cgtcgttctt 


tgatattggt 


gggagtgtat 


ctgcaggatt 


tagtaattcg 


480 


aattcaagta cggtcgcaat 


tgatcattca 


ctatctctag 


caggggaaag 


aacttgggct 


540 


gaaacaatgg gtttaaatac 


cgctgataca 


gcaagattaa 


atgccaatat 


tagatatgta 


600 


aatactggga cggctccaat 


ctacaacgtg 


ttaccaacga 


cttcgttagt 


gttaggaaaa 


660 


aatcaaacac tcgcgacaat 


taaagctaag 


gaaaaccaat 


taagtcaaat 


acttgcacct 


720 


aataattatt atccttctaa 


aaacttggcg 


ccaatcgcat 


taaatgcaca 


agacgatttc 


780 


agttctactc caattacaat 


gaattacaat 


caatttcttg 


agttagaaaa 


aacgaaacaa 


840 


ttaagattag atacggatca 


agtatatggg 


aatatagcaa 


catacaattt 


tgaaaatgga 


900 


agagtgaggg tggatacagg 


ctcgaactgg 


agtgaagtgt 


taccgcaaat 


tcaagaaaca 


960 


actgcacgta tcatttttaa 


tggaaaagat 


ttaaatctgg 


tagaaaggcg 


gatagcggcg 


1020 


gttaatccta gtgatccatt 


agaaacgact 


aaaccggata 


tgacattaaa 


agaagccctt 


1080 


aaaatagcat ttggatttaa 


cgaaccgaat 


ggaaacttac 


aatatcaagg 


gaaagacata 


1140 


accgaatttg attttaattt 


cgatcaacaa 


acatctcaaa 


atatcaagaa 


tcagttagcg 


1200 


gaattaaacg taactaacat 


atatactgta 


ttagataaaa 


tcaaattaaa 


tgcaaaaatg 


1260 


aatattttaa taagagataa 


acgttttcat 


tatgatagaa 


ataacatagc 


agttggggcg 


1320 


gatgagtcag tagttaagga 


ggctcataga 


gaagtaatta 


attcgtcaac 


agagggatta 


1380 


ttgttaaata ttgataagga 


tataagaaaa 


atattatcag 


gttatattgt 


agaaattgaa 


1440 


gatactgaag ggcttaaaga 


agttataaat 


gacagatatg 


atatgttgaa 


tatttctagt 


1500 


L LdLy y V-cLciy a LLjyaaaaat 


a L L L u L oy a L 


L L UCl&ClClClCll. 


at* a at oat* aa 


at*"tarcat"~ta 


1560 


tatataagta atcccaatta 


taaggtaaat 


gtatatgctg 


ttactaaaga 


aaacactatt 


1620 


attaatccta gtgagaatgg 


ggatactagt 


accaacggga 


tcaagaaaat 


tttaatcttt 


1680 


tctaaaaaag gctatgagat 


aggataa 








1707 


<210> 9 
<211> 426 
<212> DNA 

<213> Bacillus anthracis 










<400> 9 

cgttttcatt atgatagaaa taacatagca 


gttggggcgg 


atgagtcagt 


agttaaggag 


60 


gctcatagag aagtaattaa ttcgtcaaca 


gagggattat 


tgttaaatat 


tgataaggat 


120 


ataagaaaaa tattatcagg ttatattgta 


gaaattgaag 


atactgaagg 


gcttaaagaa 


180 


gttataaatg acagatatga tatgttgaat 


atttctagtt 


tacggcaaga 


tggaaaaaca 


240 


tttatagatt ttaaaaaata taatgataaa 


ttaccgttat 


atataagtaa 


tcccaattat 


300 


aaggtaaatg tatatgctgt tactaaagaa 


aacactatta 


ttaatcctag 


tgagaatggg 


360 


gatactagta ccaacgggat caagaaaatt 


ttaatctttt 


ctaaaaaagg 


ctatgagata 


420 
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<210> 10 
<211> 1281 
<212> DNA 

<213> Bacillus anthracis 
<400> 10 

agtacaagtg ctggacctac ggttccagac cgtgacaatg atggaatccc tgattcatta 60 

gaggtagaag gatatacggt tgatgtcaaa aataaaagaa cttttctttc accatggatt 120 

tctaatattc atgaaaagaa aggattaacc aaatataaat catctcctga aaaatggagc 180 

acggcttctg atccgtacag tgatttcgaa aaggttacag gacggattga taagaatgta 240 

tcaccagagg caagacaccc ccttgtggca gcttatccga ttgtacatgt agatatggag 300 

aatattattc tctcaaaaaa tgaggatcaa tccacacaga atactgatag tcaaacgaga 360 

acaataagta aaaatacttc tacaagtagg acacatacta gtgaagtaca tggaaatgca 420 

gaagtgcatg cgtcgttctt tgatattggt gggagtgtat ctgcaggatt tagtaattcg 480 

aattcaagta cggtcgcaat tgatcattca ctatctctag caggggaaag aacttgggct 540 

gaaacaatgg gtttaaatac cgctgataca gcaagattaa atgccaatat tagatatgta 600 

aatactggga cggctccaat ctacaacgtg ttaccaacga cttcgttagt gttaggaaaa 660 

aatcaaacac tcgcgacaat taaagctaag gaaaaccaat taagtcaaat acttgcacct 720 

aataattatt atccttctaa aaacttggcg ccaatcgcat taaatgcaca agacgatttc 780 

agttctactc caattacaat gaattacaat caatttcttg agttagaaaa aacgaaacaa 840 

ttaagattag atacggatca agtatatggg aatatagcaa catacaattt tgaaaatgga 900 

agagtgaggg tggatacagg ctcgaactgg agtgaagtgt taccgcaaat tcaagaaaca 960 

actgcacgta tcatttttaa tggaaaagat ttaaatctgg tagaaaggcg gatagcggcg 1020 

gttaatccta gtgatccatt agaaacgact aaaccggata tgacattaaa agaagccctt 1080 

aaaatagcat ttggatttaa cgaaccgaat ggaaacttac aatatcaagg gaaagacata 1140 

accgaatttg attttaattt cgatcaacaa acatctcaaa atatcaagaa tcagttagcg 1200 

gaattaaacg taactaacat atatactgta ttagataaaa tcaaattaaa tgcaaaaatg 1260 

aatattttaa taagagataa a 1281 

<210> 11 

<211> 427 

<212> PRT 

<213> Bacillus anthracis 

<400> 11 

Ser Thr Ser Ala Gly Pro Thr Val Pro Asp Arg Asp Asn Asp Gly lie 
1 5 10 " 15 

Pro Asp Ser Leu Glu Val Glu Gly Tyr Thr Val Asp val Lys Asn Lys 
20 25 30 
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Arg Thr Phe Leu Ser Pro Trp lie Ser Asn He His Glu Lys Lys Gly 
35 40 45 

Leu Thr Lys Tyr Lys ser Ser Pro Glu Lys Trp Ser Thr Ala Ser Asp 
50 55 60 

Pro Tyr Ser Asp Phe Glu Lys val Thr Gly Arg lie Asp Lys Asn val 
65 70 75 80 

ser Pro Glu Ala Arg His Pro Leu val Ala Ala Tyr pro lie Val His 
85 90 95 

Val Asp Met Glu Asn lie lie Leu ser Lys Asn Glu Asp Gin Ser Thr 
100 105 110 

Gin Asn Thr Asp Ser Gin Thr Arg Thr lie Ser Lys Asn Thr Ser Thr 
115 120 125 

ser Arg Thr His Thr Ser Glu Val His Gly Asn Ala Glu Val His Ala 
130 135 140 

Ser Phe Phe Asp lie Gly Gly Ser Val Ser Ala Gly Phe Ser Asn Ser 
145 150 - 155 160 

Asn Ser ser Thr Val Ala lie Asp His Ser Leu Ser Leu Ala Gly Glu 
165 170 175 

Arg Thr Trp Ala Glu Thr Met Gly Leu Asn Thr Ala Asp Thr Ala Arg 
180 185 190 

Leu Asn Ala Asn lie Arg Tyr Val Asn Thr Gly Thr Ala Pro lie Tyr 
195 200 205 

Asn val Leu Pro Thr Thr Ser Leu Val Leu Gly Lys Asn Gin Thr Leu 
210 215 220 

Ala Thr lie Lys Ala Lys Glu Asn Gin Leu Ser Gin He Leu Ala Pro 
225 230 235 240 

Asn Asn Tyr Tyr Pro Ser Lys Asn Leu Ala Pro lie Ala Leu Asn Ala 
245 250 255 

Gin Asp Asp Phe Ser Ser Thr Pro lie Thr Met Asn Tyr Asn Gin Phe 
260 265 270 

Leu Glu Leu Glu Lys Thr Lys Gin Leu Arg Leu Asp Thr Asp Gin Val 
275 280 " 285 

Tyr Gly Asn lie Ala Thr Tyr Asn Phe Glu Asn Gly Arg Val Arg val 
290 295 300 
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Asp Thr Gly ser Asn Trp ser Glu Val Leu Pro Gin He Gin Glu Thr 
Ju:> 310 315 

Thr Ala Arg lie lie Phe Asn Gly Lys Asp Leu Asn Leu val Glu Arq 
325 330 335 

Arg lie Ala Ala val Asn Pro Ser Asp pro Leu Glu Thr Thr Lys Pro 

345 350 

Asp Met Thr Leu Lys Glu Ala Leu Lys lie Ala Phe Gly Phe Asn Glu 
« 5 360 365 

Pro Asn Gly Asn Leu Gin Tyr Gin Gly Lys Asp He Thr Glu Phe Asp 
370 375 380 

Phe Asn Phe Asp Gin Gin Thr ser Gin Asn He Lys Asn Gin Leu Ala 
s " 390 395 4 0 o 

Glu Leu Asn val Thr Asn lie Tyr Thr Val Leu Asp Lys lie Lvs Leu 
405 410 415 

Asn Ala Lys Met Asn He Leu lie Arg Asp Lys 
420 425 

<210> 12 
<211> 1088 
<212> DNA 

<213> Bacillus subtil is 
<400> 12 

acggattagg ccgtttgtcc tcatggaccc gtataaaaag aatgatattg agcgttttga 60 

ccgtgagccg gatgtgatct gcgagtatat taaaaaccgt tcacaatacc tcaaagatca 120 

tttaagtatt ttatgaatgc gtgaaaatgg gtattcgcgg aaaaagcgac aattaggcta 180 

ttgaattagt tcaacaaata aatgtgacac gtatatatgc agtatgttta tcatctatgt 240 

ataagtgact aggaggaatt tgaatgagca agaggagaat gaaatatcat tcaaataatg 300 

aaatatcgta ttataacttt ttgcactcaa tgaaagataa aattgttact gtatatcgtg 360 

gaggtccgga atctaaaaaa ggaaaattaa cagctgtaaa atcagattat atagctttac 420 

aagctgaaaa aaaaataatt tattatcagt tggagcatgt gaaaagtatt actgaggata 480 

ccaataatag caccacaaca attgagactg aggaaatgct cgatgctgat gattttcata 540 

gcttaatcgg acatttaata aaccaatcag ttcaatttaa ccaagggggt ccggaatcta 600 

aaaaaggaag attggtctgg ctgggagatg attacgctgc gttaaacaca aatgaggatg 660 

gggtagtgta ttttaatatc catcacatca aaagtataag taaacacgag cctgatttga 720 

aaatagaaga gcagacgcca gttggagttt tggaagctga tgatttaagc gaggttttta 780 

agagtctgac tcataaatgg gtttcaatta atcgtggagg tccggaagcc attgagggta 840 

tccttgtaga taatgccgac ggccattata ctatagtgaa aaatcaagag gtgcttcgca 900 
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tctatccttt tcacataaaa agcatcagct taggtccaaa agggtcgtac aaaaaagagg 960 
atcaaaaaaa tgaacaaaac caggaagaca ataatgataa ggacagcaat tcgttcattt 1020 
cttcaaaatc atatagctca tcaaaatcat ctaaacgatc actaaaatct tcagatgatc 1080 



<210> 13 

<211> 275 

<212> PRT 

<213> Bacillus subtilis 

<400> 13 

Met Ser Lys Arg Arg Met Lys Tyr His ser Asn Asn Glu lie Ser Tyr 
1 5 10 15 



Tyr Asn Phe Leu His Ser Met Lys Asp Lys lie Val Thr Val Tyr Arg 
20 25 30 



Gly Gly Pro Glu Ser Lys Lys Gly Lys Leu Thr Ala val Lys Ser Asp 
35 40 45 



Tyr lie Ala Leu Gin Ala Glu Lys Lys lie lie Tyr Tyr Gin Leu Glu 
50 55 60 



His val Lys Ser He Thr Glu Asp Thr Asn Asn Ser Thr Thr Thr He 
65 70 75 80 



Glu Thr Glu Glu Met Leu Asp Ala Asp Asp Phe His Ser Leu lie Gly 
85 90 95 



His Leu lie Asn Gin ser val Gin Phe Asn Gin Gly Gly Pro Glu Ser 
100 105 110 



Lys Lys Gly Arg Leu Val Trp Leu Gly Asp Asp Tyr Ala Ala Leu Asn 
115 120 125 



Thr Asn Glu Asp Gly Val Val Tyr Phe Asn He His His lie Lys ser 
130 135 140 



lie ser Lys His Glu Pro Asp Leu Lys lie Glu Glu Gin Thr Pro Val 
145 150 155 160 



Gly Val Leu Glu Ala Asp Asp Leu Ser Glu Val Phe Lys Ser Leu Thr 
165 170 175 



His Lys Trp val Ser He Asn Arg Gly Gly Pro Glu Ala lie Glu Gly 
180 185 190 



lie Leu val Asp Asn Ala Asp Gly His Tyr Thr He Val Lys Asn Gin 



aatcatcc 



1088 



195 



200 



205 



Page 14 



WO 2005/068493 PCT/GB2005/000170 

JPP430.ST25 

Glu val Leu Arg He Tyr Pro Phe His He Lys ser He Ser Leu Gly 
^ ±u 215 220 

pro Lys Gly ser Tyr Lys Lys Glu Asp Gin Lys Asn Glu Gin Asn Gin 
" 5 230 235 240 

Glu Asp Asn Asn Asp Lys Asp ser Asn ser Phe He ser ser Lvs ser 
245 250 255 

Tyr Ser Ser Ser Lys ser Ser Lys Arg ser Leu Lys Ser ser Asp Asp 
260 265 270 

Gin ser ser 
275 

<210> 14 
<211> 377 
<212> DNA 

<213> Bacillus subtil is 
<400> 14 

tgtaggataa atcgtttggg ccgatgaaaa atcggctctt tattttgatt tgtttttgtg 60 
tcatctgtct ttttctatca tttggacagc ccttttttcc ttctatgatt ttaactgtcc 120 
aagccgcaaa atctactcgc cgtataataa agcgtagtaa aaataaagga ggagtatata 180 
tgggttatta caaaaaatac aaagaagagt attatacggt caaaaaaacg tattataaga 240 
agtattacga atatgataaa aaagattatg actgtgatta cgacaaaaaa tatgatgact 300 
atgataaaaa atattatgat cacgataaaa aagactatga ttatgttgta gagtataaaa 360 
agcataaaaa acactac 



<210> 15 

<211> 66 

<212> PRT 

<213> Bacillus subtilis 

<400> 15 

Met Gly Tyr Tyr Lys Lys Tyr Lys Glu Glu Tyr Tyr Thr val Lys Lys 
1 5 10 15 

Thr Tyr Tyr Lys Lys Tyr Tyr Glu Tyr Asp Lys Lys Asp Tyr Asp cys 
20 25 30 

Asp Tyr Asp Lys Lys Tyr Asp Asp Tyr Asp Lys Lys Tyr Tyr Asp His 
35 40 45 

Asp Lys Lys Asp Tyr Asp Tyr Val Val Glu Tyr Lys Lys His Lys Lys 
■ >u 55 60 

His Tyr 
65 



377 
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<210> 16 
<211> 2295 
<212> DNA 

<213> Bacillus anthracis 



<400> 16 
atgaaaaaac 


gaaaagtgtt 


aataccatta 


atggcattgt ctacgatatt 


agtttcaagc 


60 


acaggtaatt 


tagaggtgat 


tcaggcagaa 


gttaaacagg agaaccggtt 


attaaatgaa 


120 


tcagaatcaa 


gttcccaggg 


gttactagga 


tactatttta gtgatttgaa 


ttttcaagca 


180 


cccatggtgg 


ttacttcttc 


tactacaggg 


gatttatcta ttcctagttc 


tgagttagaa 


240 


aatattccat 


cggaaaacca 


atattttcaa 


tctgctattt ggtcaggatt 


tatcaaagtt 


300 


aagaagagtg 


atgaatatac 


atttgctact 


tccgctgata atcatgtaac 


aatgtgggta 


360 


gatgaccaag 


aagtgattaa 


taaagcttct 


aattctaaca aaatcagatt 


agaaaaagga 


420 


agattatatc 


aaataaaaat 


tcaatatcaa 


cgagaaaatc ctactgaaaa 


aggattggat 


480 


ttcaagttgt 


actggaccga 


ttctcaaaat 


aaaaaagaag tgatttctag 


tgataactta 


540 


caattgccag 


aattaaaaca 


aaaatcttcg 


aactcaagaa aaaagcgaag 


tacaagtgct 


600 


ggacctacgg 


ttccagaccg 


tgacaatgat 


ggaatccctg attcattaga 


ggtagaagga 


660 


tatacggttg 


atgtcaaaaa 


taaaagaact 


tttctttcac catggatttc 


taatattcat 


720 


gaaaagaaag 


gattaaccaa 


atataaatca 


tctcctgaaa aatggagcac 


ggcttctgat 


780 


ccgtacagtg 


atttcgaaaa 


ggttacagga 


cggattgata agaatgtatc 


accagaggca 


840 


agacaccccc 


ttgtggcagc 


ttatccgatt 


gtacatgtag atatggagaa 


tattattctc 


900 


tcaaaaaatg 


aggatcaatc 


cacacagaat 


actgatagtc aaacgagaac 


aataagtaaa 


960 


aatacttcta 


caagtaggac 


acatactagt 


gaagtacatg gaaatgcaga 


agtgcatgcg 


1020 


tcgttctttg 


atattggtgg 


gagtgtatct 


gcaggattta gtaattcgaa 


ttcaagtacg 


1080 


gtcgcaattg 


atcattcact 


atctctagca 


ggggaaagaa cttgggctga 


aacaatgggt 


1140 


ttaaataccg 


ctgatacagc 


aagattaaat 


gccaatatta gatatgtaaa 


tactgggacg 


1200 


gctccaatct 


acaacgtgtt 


accaacgact 


tcgttagtgt taggaaaaaa 


tcaaacactc 


1260 


gcgacaatta 


aagctaagga 


aaaccaatta 


agtcaaatac ttgcacctaa 


taattattat 


1320 


ccttctaaaa 


acttggcgcc 


aatcgcatta 


aatgcacaag acgatttcag 


ttctactcca 


1380 


attacaatga 


attacaatca 


atttcttgag 


ttagaaaaaa cgaaacaatt 


aagattagat 


1440 


acggatcaag 


tatatgggaa 


tatagcaaca 


tacaattttg aaaatggaag 


agtgagggtg 


1500 


gatacaggct 


cgaactggag 


tgaagtgtta 


ccgcaaattc aagaaacaac 


tgcacgtatc 


1560 


atttttaatg 


gaaaagattt 


aaatctggta 


gaaaggcgga tagcggcggt 


taatcctagt 


1620 


gatccattag 


aaacgactaa 


accggatatg 


acattaaaag aagcccttaa 


aatagcattt 


1680 


ggatttaacg 


aaccgaatgg 


aaacttacaa 


tatcaaggga aagacataac 


cgaatttgat 


1740 


tttaatttcg 


atcaacaaac 


atctcaaaat 


atcaagaatc agttagcgga 


attaaacgta 


1800 


actaacatat 


atactgtatt 


agataaaatc 


aaattaaatg caaaaatgaa 
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agagataaac gttttcatta tgatagaaat aacatagcag ttggggcgga tgagtcagta 1920 

gttaaggagg ctcatagaga agtaattaat tcgtcaacag agggattatt gttaaatatt 1980 

gataaggata taagaaaaat attatcaggt tatattgtag aaattgaaga tactgaaggg 2040 

cttaaagaag ttataaatga cagatatgat atgttgaata tttctagttt acggcaagat 2100 

ggaaaaacat ttatagattt taaaaaatat aatgataaat taccgttata tataagtaat 2160 

cccaattata aggtaaatgt atatgctgtt actaaagaaa acactattat taatcctagt 2220 

gagaatgggg atactagtac caacgggatc aagaaaattt taatcttttc taaaaaaggc 2280 

tatgagatag gataa 2295 

<210> 17 
<211> 2208 
<212> DNA 

<213> Bacillus anthracis 
<400> 17 

gaagttaaac aggagaaccg gttattaaat gaatcagaat caagttccca ggggttacta 60 

ggatactatt ttagtgattt gaattttcaa gcacccatgg tggttacttc ttctactaca 120 

ggggatttat ctattcctag ttctgagtta gaaaatattc catcggaaaa ccaatatttt 180 

caatctgcta tttggtcagg atttatcaaa gttaagaaga gtgatgaata tacatttgct 240 

acttccgctg ataatcatgt aacaatgtgg gtagatgacc aagaagtgat taataaagct 300 

tctaattcta acaaaatcag attagaaaaa ggaagattat atcaaataaa aattcaatat 360 

caacgagaaa atcctactga aaaaggattg gatttcaagt tgtactggac cgattctcaa 420 

aataaaaaag aagtgatttc tagtgataac ttacaattgc cagaattaaa acaaaaatct 480 

tcgaactcaa gaaaaaagcg aagtacaagt gctggaccta cggttccaga ccgtgacaat 540 

gatggaatcc ctgattcatt agaggtagaa ggatatacgg ttgatgtcaa aaataaaaga 600 

acttttcttt caccatggat ttctaatatt catgaaaaga aaggattaac caaatataaa 660 

tcatctcctg aaaaatggag cacggcttct gatccgtaca gtgatttcga aaaggttaca 720 

ggacggattg ataagaatgt atcaccagag gcaagacacc cccttgtggc agcttatccg 780 

attgtacatg tagatatgga gaatattatt ctctcaaaaa atgaggatca atccacacag 840 

aatactgata gtcaaacgag aacaataagt aaaaatactt ctacaagtag gacacatact 900 

agtgaagtac atggaaatgc agaagtgcat gcgtcgttct ttgatattgg tgggagtgta 960 

tctgcaggat ttagtaattc gaattcaagt acggtcgcaa ttgatcattc actatctcta 1020 

gcaggggaaa gaacttgggc tgaaacaatg ggtttaaata ccgctgatac agcaagatta 1080 

aatgccaata ttagatatgt aaatactggg acggctccaa tctacaacgt gttaccaacg 1140 

acttcgttag tgttaggaaa aaatcaaaca ctcgcgacaa ttaaagctaa ggaaaaccaa 1200 

ttaagtcaaa tacttgcacc taataattat tatccttcta aaaacttggc gccaatcgca 1260 

ttaaatgcac aagacgattt cagttctact ccaattacaa tgaattacaa tcaatttctt 1320 
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gagttagaaa 


aaacgaaaca 


attaagatta 


gatacggatc 


aagtatatgg gaatatagca 


1380 


acatacaatt 


ttgaaaatgg 


aagagtgagg 


gtggatacag 


gctcgaactg gagtgaagtg 


1440 


ttaccgcaaa 


ttcaagaaac 


aactgcacgt 


atcattttta 


atggaaaaga tttaaatctg 


1500 


gtagaaaggc 


ggatagcggc 


ggttaatcct 


agtgatccat 


tagaaacgac taaaccggat 


1560 


atgacattaa 


aagaagccct 


taaaatagca 


tttggattta 


acgaaccgaa tggaaactta 


1620 


caatatcaag 


ggaaagacat 


aaccgaattt 


gattttaatt 


tcgatcaaca aacatctcaa 


1680 


aatatcaaga 


atcagttagc 


ggaattaaac 


gtaactaaca 


tatatactgt attagataaa 


1740 


atcaaattaa 


atgcaaaaat 


gaatatttta 


ataagagata 


aacgttttca ttatgataga 


1800 


aataacatag 


cagttggggc 


ggatgagtca 


gtagttaagg 


aggctcatag agaagtaatt 


1860 


aattcgtcaa 


cagagggatt 


attgttaaat 


attgataagg 


atataagaaa aatattatca 


1920 


ggttatattg 


tagaaattga 


agatactgaa 


gggcttaaag 


aagttataaa tgacagatat 


1980 


n p "t* a 1" n 1*1* n a 


at'at'ttctaa 


tttacaocaa 


gatggaaaaa 


catttataga ttttaaaaaa 


2040 


tataatgata 


aattaccgtt 


atatataagt 


aatcccaatt 


ataaggtaaa tgtatatgct 


2100 


gttactaaag 


aaaacactat 


tattaatcct 


agtgagaatg 


gggatactag taccaacggg 


2160 


atcaagaaaa 


ttttaatctt 


ttctaaaaaa 


ggctatgaga 


taggataa 


2208 
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